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© PROCESS FOR PRODUCING CYCLOOLEFIN POLYMER, CYCLOOLEFIN COPOLYMER, AND 
COMPOSITION AND MOLDING PREPARED THEREFROM. 

® An efficient process for producing cyclooiefin polymer and cycioolefin/a-olefin copolymer without causing 
any ring opening of the cyclooiefin; novel cycloolefln/a-o!efin copolymer produced thereby; and composition and 
molding prepared from said copolymer. The production process comprises conducting the homopolymerization 
of cyclooiefin or the copolymerizatlon thereof with a-olefin in the presence of a catalyst based on the following 
components (A) and (B) or (A), (B) and (C); A: transition metal compound, B: compound which forms ionic 
complex by the reaction with transition metal compound, and C: organoaluminum compound. 
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[FIELD OF THE INVENTION] 

The present invention relates to a process for producing a cyclic olefin based polynner, and particularly 
relates to a process for producing a cyclic olefin polymer and a cyclic olefin/alpha-olefln copolymer without 
5 opening rings of the cyclic olefin. 

Further, the preser^t invention relates to a novel cyclic olefln/alpha-olefin copolymer, and a composition 
and a molded article comprising the copolymer. 

[RELATED ART] 

10 

It is known that cyclic olefins can be polymerized in the presence of a Ziegler-Natta catalyst. In most of 
the cases, the cyclic olefins suffer ring opening during the polymerization to give polymers with opened 
rings. 

On the contrary to this process, cyclic olefins can be polymerized without suffering ring opening in 

75 accordance with the following methods (a) to (e). 

(a) Japanese Patent Application Laid-Open Gazette (Kokai) No. Sho 64-66216 describes a process for 
polymerizing a cyclic olefin without suffering ring opening to obtain an isotactic polymer, in the presence 
of a catalyst composed of a stereo-rigid metallocene compound, particularly ethylenebis(indenyl)- 
zirconium dichloride, and aluminoxane. 

20 (b) Kokai No. Sho 61-271308 discloses a process for copolymerizing a cyclic olefin and an alpha-olefin 
without suffering ring opening, in the presence of a catalyst composed of a soluble vanadium compound 
and an organoaluminum compound. 

(c) Kokai No. Sho 61-221206 and Kokai No. 64-106 describe a process for copolymerizing a cyclic olefin 
and an alpha-olefin without suffering ring opening, in the presence of a catalyst composed of a transition 

25 metal compound and aluminoxane. 

(d) Kokai No. Sho 62-252406 describes a process for producing an ethylene/cyclic olefin random 
copolymer having an ethylene content of 40 to 90 mol% with the use of a catalyst composed of a 
soluble vanadium compound and an organoaluminum compound. 

(e) Kokai No. Hei 3-45612 discloses a process for producing a homopolymer and a copolymer of a 
30 polycyciic olefin with the use of a catalyst composed of a specific metallocene compound and 

aluminoxane. 

However, the polymerization processes (a), (c) and (d) require use of a great amount of aluminoxane. 
Thus, a substantial amount of a metal will remain in the polymerized products, resulting in deterioration 
and coloring of the products. In these processes, after polymerization, deashing treatment of the 
35 resultant products should be sufficiently conducted. Thus, these processes have a problem in productiv- 
ity. 

Further, the catalysts used in the processes (b) and (d) are inferior due to extremely poor catalytic 
activities. In addition, an ethylene-rich copolymer obtained by the process (d) shows clear melting point 
and poor random configuration. Furthemnore, in Kokai No. Sho 3-45612 (Process (e)). it Is not proved in 
40 the working examples that a copolymer having a cyclic olefin content of 40 mol% or more can be 
produced. 

On the other hand, studies on olefin polymerization with use of a cationic transition metal complex, 
have been made since many years ago. There are many reports as Indicated as follows. However, each 
process has some problems. 

46 (f) Natta et al. reported that ethylene can be polymerized In the presence of a catalyst composed of 
titanocene dichloride and triethylaluminum (J. Polymer Scl.. 26, 120 (1964). Further. Breslow et al. 
reported polymerization of ethylene with use of a titanocene dichlorlde/dimethylaluminum chloride 
catalyst (J. Am. Chem. Soc. 79, 5072 (1957). Furthermore, Dyachkovskii et al. suggested that poly- 
merization activities In ethylene~polymerization using a titanocene dichloride/dimethylaluminum chloride 

50 catalyst are derived from a titanocenemonomethyl cation (J. Polymer Sci., 16. 2333 (1967). 
However, the ethylene activities in these processes are extremely low. 
(g) Jordan et al. reported synthesis and isolation of [biscyclopentadienylzirconium methyl- 
(tetrahydrofuran)] [tetraphenylboric acid] resulting from the reaction of zirconocenedimethyl and silver 
tetraphenylborate, and ethylene polymerization using the thus synthesized compound (J. Am. Chem. 

55 Soc, 108, 7410 (1986). Further, Jordan et al. synthesized and isolated [biscyclopentadienylzirconium 
benzyl(tetrahydrofuran)][tetraphenylboric acid] resulting from the reaction of zirconocenedi benzyl and 
ferrocenium tetraphenylborate (J. Am. Chem. Soc. 109. 4111 (1987). 

It was confirmed that ethylene can be slightlT^olymerized using these catalysts, however, their 
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polymerization activities are extremely low. 

(h) Turner et al. have proposed a process for polymerizing an alpha-olefin in the presence of a catalyst 
comprising a metallocene compound and a boric acid complex containing a specific amine such as 
triethylammonium tetraphenylborate, triethylammonium tetratolylborate, and triethylammonium tetra- 
6 (pentafluorophenyl)borate (Japanese Patent Application PCT Laid-Open Gazette No. Sho 1-502036). 

However, in this gazette, there is no description about copolymerization of an alpha-olefin and a cyclic 
olefin. Further, the catalysts have extremely low polymerization activities and thus this process is not 
suitable for industrial use. 

In addition, polymerization of a cyclic olefin is not reported in any one of the technical literature or the 
10 patent gazettes (F) to (h). 

DISCLOSURE OF THE INVENTION 

The present invention was made in view of the above-mentioned situations, and provides a process for 
15 producing a cyclic olefin based polymer as described below. 

Production Process of Cyclic Olefin Based Polymers: 

The present invention provides a process for producing a cyclic olefin based polymer wherein 
20 homopolymerization of a cyclic olefin or copolymerization of a cyclic olefin and an alpha-olefin is carried out 
in the presence of a catalyst comprising, as main components, the following compounds (A) and (B) and 
optionally the following compound (C): 

(A) a transition metal compound; 

(B) a compound capable of forming an ionic complex when reacted with a transition metal compound; 
25 and 

(C) an organoaluminum compound. 

The above-mentioned catalysts show excellent polymerization activities for the homopolymerization of a 
cyclic olefin or the copolymerization of a cyclic olefin and an alpha-olefin. In particular, the catalyst 
comprising the organoaluminum compound (C) shows extremely high polymerization activities with use of a 
30 small amount of an organoaluminum compound. Therefore, according to the above production process, a 
cyclic olefin homopolymer or an cyclic olefin/alpha-olefin copolymer can be effectively produced without 
ring-opening during the polymerization and without use of a great amount of an organoaluminum compound. 

Further, the present invention provides the following novel cyclic olefin copolymers (I) and (II) which can 
be produced by, for example, the above-mentioned process. 

35 

Cyclic Olefin Copolymers (1) 

The cyclic olefin copolymers (I) have a repeating unit represented by the following general formula pC]: 

40 

-(CH2-CH)- • • • [X] 

45 (wherein is a hydrogen atom or a hydrocarbon group having 1 to 20 carbon atoms); and a repeating unit 
represented by the following formula [Y]: 



50 
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CY] 



RJ R»« R» R' 



(wherein R** to R"" are independently a hydrogen atom, a hydrocarbon group having 1 to 20 carbon atoms 

or a substituent having a halogen atom, oxygen atom or nitrogen atom; n is an integer of at least 0; R" or R"* 

and R' or R"* may fonnn a ring together; and R** to R"* may be the same as or different from each other). 
20 The cyclic olefin copolymers (I) have (1) 0.1 to 40 mol% of the repeating unit of the formula pC] and 60 

to 99.9 mol% of the repeating unit of the formula [Y]; (2) an intrinsic viscosity M of 0.01 to 20 dl/g; and (3) 

a glass transition temperature (Tg) of 150 to 370°C. 

The above cyclic olefin copolymers (I) have high content of the repeating unit based on a cyclic olefin 

and mainly have a vinylene structure. Thus, the copolymers are novel ones obtained for the first time by the 
25 process according to the present invention. The cyclic olefin copolymers (I) are superior in heat resistance, 

transparency, strength and rigidness, and can be effectively used in optical, medical and food fields. 

Cyclic Olefin Copolymers (tl): 

30 Cyclic olefin copolymers (II) are those having (1) 80 to 99.9 mol% of the repeating unit of Formula pq 
and 0.1 to 20 mol% of the repeating unit of Formula [Y]; (2) an Intrinsic viscosity M of 0.01 to 20 dl/g; (3) a 
glass transition temperature (Tg) of less than 30°C; and (4) a tensile modulus of less than 2,000 Kg/cm^. 

The above cyclic olefin copolymers (II) have low content of the repeating unit based on a cyclic olefin, 
and are flexible resins having physical properties different from those of polymers obtained by known 

35 catalyst systems. Thus, the copolymers are novel ones obtained for the first time by the process according 
to the present invention. The cyclic olefin copolymers (II) have an excellent elongation recovery property, 
good transparency, suitable elasity and well-balanced physical properties, and can be effectively used as 
films, sheets and materials for various molded articles in a variety of application fields such as wrapping, 
medical and agricultural fields. 

40 Further, the present invention provides the following compositions comprising the above novel cyclic 
olefin copolymers (II). 

Cyclic Olefin Copolymer Compositions: 

45 The present invention provides a cyclic olefin copolymer composition (First Composition) comprising 
the following components (a) and (b), and a cyclic olefin copolymer composition (Second Composition) 
comprising the following components (a), (b) and (c). 

(a) 100 parts by weight of the cyclic olefin copolymer (II); 

(b) 0.01 to 10 parts by weight of an anti-blocking agent and/or lubricant; and 
60 (c) 1 to 100 parts by weight of an alpha-olefin based copolymer. 

The above first and second compositions exhibit good moldability in infiation molding and the like as 
well as a good elongation recovery property, good transparency and suitable elasity. Thus, the compositions 
can be suitably used as materials for films and sheets in wrapping, medical and agricultural fields. 

Further, the present invention provides the following molded articles prepared from the above- 
55 mentioned cyclic olefin copolymers or the above-mentioned cyclic olefin copolymer compositions. 

Molded Article: 
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The molded articles include, for example, films, sheets, wrapping films and those made by using a mold 
as indicated in the following examples (1) to (5): 

(1) Films or sheets made of the cyclic olefin copolymer (I); 

(2) Films or sheets made of the cyclic olefin copolymer (II); 
5 (3) Wrapping films made of the cyclic olefin copolymer (llj 

(4) Articles made using a mold from the cyclic olefin copolymer (II); and 

(5) Films or sheets made of the cyclic olefin copolymer composition (the first composition or the second 

composition). 

10 [BRIEF DESCRIPTION OF THE DRAWINGS] 

Fig. 1 shows the flowchart of the production process of the present invention; 
Fig. 2 shows the DSC chart of the copolymer obtained in Example 88; 
Fig. 3 shows the DSC chart of the copolymer obtained in Comparative Example 1 1 ; 
IS Fig. 4 is the ^^c-NMR chart of the copolymer obtained in Example 91 ; 

Fig. 5 is the DSC chart (heat down stage) of the copolymer obtained in Example 118; and 

Fig. 6 Is the DSC chart (heat down stage) of the copolymer obtained in Comparative Example 18. 

[BEST EMBODIMENTS OF THE INVENTION] 

The present invention will be described In more detail below. 

Production Process of Cyclic Olefin Based Polymers: 

25 Fig. 1 shows the production process according to the present invention. 

In the process of the production of the cyclic olefin based polymers according to the present invention, 
transition metal compound may be used as Compound (A). The transition metal compounds include, for 
example, those containing at least one transition metal belonging to the IVB. VB. VIB. VIIB and VIII Groups 
of the Periodic Table. More specifically, as the above transition metals, preferred are titanium, zirconium, 

30 hafnium, chromium, manganese, nickel, palladium and platinum. Of these, more preferred are zirconium, 
hafnium, titanium, nickel and palladium. 

Suitable transition metal compounds include a variety of compounds, particularly include those contain- 
ing at least one transition metal belonging to the IVB and VIII Groups of the Periodic Table, more suitably a 
metal of the IVB Group, i.e., titanium (Ti), zirconium (Zr) or hafnium (Hf). More preferred are cyclopen- 

35 tadienyi compounds represented by the following formula (I), (II) or (111), or derivatives thereof, or 
compounds represented by the following formula (IV) or derivatives theireofT . ~~ 

CpMrn^aR^bR^c (I) 

40 Cp2Mm^dR2e (II) 

(Cp-Af-Cp)MiRidR2e (III) 

Mm^gR2hR3iR*i (IV) 

45 

In Formulas (I) to (IV), M^ is a Ti, Zr or Hf atom; Cp is an unsaturated cyclic hydrocarbon group or chain 
cyclic hydrocarbon group such as a cyclopentadrenyl group, substituted cyclopentadienyl group, indenyl 
group, substituted indenyl group, tetrahydroindenyl group, substituted tetrahydroindenyl group, fluorenyl 
group or substituted fluorenyl group; R\ R^. R^ and R* are independently a hydrogen atom, oxygen atom, 

50 halogen atom, C1-20 alkyi group, C1-20 alkoxy group, aryl group, alkylaryl group, C6-20 arylalkyi group, 
C1-20 acyloxy group, allyl group, substituted ally! group, a ligand having a sigma bond such as a 
substituent containing a silicon atom, chelate ligand or Lewis base ligand such as an acetylacetonate group 
and substituted acetylacetonate group; A is a bridge based on a covalent bond; a, b and c are 
independently an integer of 0 to 3; d and e are independently an integer of 0 to 2; f is an integer of 0 to 6; 

55 g, h, i and j are independently an integer of 0 to 4; two or more of R^ and R^. R^ and R* may form a ring. If 
the above-mentioned Cp has a substituent, the substituent is preferably a C1-20 alkyI group. In Formulas (II) 
and (III), two of Cp may be the same as or different from each other. 

In the above Formulas (I) to (111), the substituted cycopentadienyl groups include, for example, a 
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methylcyclopentadienyl group, ethylcyclopentadienyl group, isopropylcyclopentadienyl group. 1 .2-dimethyl- 
cyclopentadieny! group, tetramethylcyclopentadienyl group. 1 .3-di methylcyclopentadienyl group. 1.2.3- 
trimethylcyclopentadienyl group. 1,2.4-trimethylcyclopentadienyl group, pentamethylcyclopentadieyl group, 
and trimethylsilylcyclopentadienyl group. 

6 Examples of to R* include halogen atoms such as a fluorine atom, chlorine atom, bromine atom and 
iodine atom; C,-2o alkyi groups such as a methyl group, ethyl group, n-propyl group, isopropyl group, n- 
butyl group, octy! group and 2-ethylhexyl group; C1-20 alkoxy groups such as a methoxy group, ethoxy 
group, propoxy group, butoxy group and phenoxy group; Cc-zo aryl groups alkylaryl groups or arylalkyi 
group, such as a phenyl group, tolyl group, xylyl group and benzyl group; C1-20 acyloxy groups such as a 

70 heptadecylcarbonyloxy group; substituents containing a silicon atom such as a trimethylsilyl group. 
(trimethylsilyl)methyl group: Lewis bases such as ethers including dimethyl ether, diethyl ether and 
tetrahydrofuran. thioethers including tetrahydrothiophen. esters including ethylbenzoate, nitrites Including 
acetonitrile and benzonitrile. amines including trimethylamine. triethylamine. tributylamine. N. N- 
dimethylaniline. pyridine. 2,2'-bipyridine and phenantholorine, and phosphines including triethylphosphine 

75 and triphenylphosphine; chain unsaturated hydrocarbons such as ethylene, butadiene, 1-pentene. isoprene. 
pentadiene. 1-hexene and derivatives thereof; unsaturated cyclic hydrocarbons such as benzene, toluene, 
xylene, cycloheptatriene. cyclooctadiene. cyclooctatriene. cyclooctatetraene and derivatives thereof. The 
bridges based on a covalent bond. A include, for example, a methylene bridge, dimethylmethylene bndge. 
ethylene bridge. 1 .1'-cyclohexylene bridge, dimethylsilylene bridge, dimethylgelmylene bridge and 

20 dimethylstannylene bridge. 

More specifically, these compounds include the following compounds, and those having titanium or 

hafnium instead of zirconium. 
Compounds of Formula (I): 

25 

(Pentamethylcyclopentadienyl)trimethylzirconium, 

(pentamethylcyclopentadienyOtriphenylzirconium, 

(pentamethylcyclopentadienyl)tribenzylzirconium. 

(pentamethylcyclopentadienyl)trichlorozirconium, 
30 (pentamethylcyclopentadienyl)trimethoxyzirconium. 

(cyclopentadienyl)trimethylzirconium, 

(cyclopentadienyl)triphenylzirconium. 

(cyclopentadienyl)tribenzylzirconium. 

(cyclopentadienyl)trichiorozirconium. 
35 (cyclopentadienyl)trimethoxyzirconium. 

(cyclopentadienyl)dlmethyl(methoxy)zirconium. 

(methylcyclopentadienyl)trimethylzirconium, 

(methylcyclopentadienyl)triphenylzirconium, 

(methylcyclopentadienyl)tribenzylzirconium, 
40 (methylcyclopentadienyl)trichlorozirconium. 

(methylcyclopentadienyl)dimethyl(methoxy)zirconium. 

(dimethylcyclopentadienyl)trichlorozirconium. 

(trimethylcyclopentadienyl)trichlorozirconium, 

(trimethylsilylcyclopentadienyl)trimethylzirconium. 
4S (tetramethylcyclopentadienyl)trichlorozirconium. 

Compounds of Formula (H): 

Bis(cyclopentadienyl)dimethylzirconium. 
50 bis{cyclopentadienyl)diphenylzirconium, 

bis(cyclopentadienyl)diethylzirconium, 

bis(cyclopentadienyl)dibenzylzirconium, 

bis(cyclopentadienyl)dimethoxyzirconium, 

bis(cyclopentadienyl)dichlorolzirconium, 
55 bis(cy clopentadieny l)dihydridezirconium , 

bis(cyclopentadienyl)monochloromonohydridezirconium, 

bis(methylcyclopentadienyl)dimethylzirconium, 

bis(methylcyctopentadienyl)dichlorozirconium, 
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bis(methylcyclopentadienyI)dibenzylzirconium. 
bls(pentamethylcyclopentadienyl)dimethylzirconium, 
bis{pentamethylcy clopentadieny l)dichloro2irconlum . 
bis(pentamethylcyclopentadienyl)dibenzylzirconium, 
5 bis(pentamethylcyclopentadienyl)chloromethyl2irconium, 
bis(pentamethylcyclopentadienyl)hydndemethylzirconium, 
(cyclopentadienyl)(pentamethylcyclopentadienyl)dichloroztrconium. 

Compounds of Formula (111): 

w 

Ethylenebis(indenyl)dimethylzirconium, 

ethylenebis(indenyl)dichlorozirconlum, 

ethyIenebis(tetrahydroindenyl)dimethylzirconium, 

ethylenebis(tetrahydroindenyl)dichlorozirconium, 
75 dimethylsilylenebis(cyclopentadjenyl)dlm0thyl2irconium, 

dimethylsilylenebis(cyclopentadienyl)dichlorozirconium. 

isopropyl(cyclopentadienyl)(9-fluorenyl)dimethylzirconium, 

lsopropyl(cyclopentadienyl)(9-fluorenyl)dichlorozirconium, 

[phenyl(methyt)methylene](9-fluorenyl)(cyclopentadienyl)dimethylzirconium, 
20 diphenylmethylen8(cyclopentadienyl)(9-fluorenyl)dimethyl2irconlum, 

ethylidene(9-fluorenyl)(cyclopentadienyl)dimethyl2iroconium, 

cyclohyxyl(9-fluorenyl)(cyclopentadienyl)dimethylzirconium, 

cyclopentyl(9-fluorenyl)(cyclopentadienyl)dimethylzirconium. 

cyclobutyl(9-fluorenyl)(cylcopentadienyl)dlmethylzirconium, 
26 dimethyIsilylene(9-fIuorenyl)(cyclopentadienyl)dimethylzirconium, 

dimethylsilylenebis(2,3,5-trimethylcyclopentadienyl)dichlorozirconium. 

dimethylsilylenebis(2.3,5'trimethylcyclopentadienyl)dimethylzirconium, 

dimethylsilylenebis(indenyl)dichlorozirconium. 

Further, compounds other than the cyclopentadienyl compound represented by Formula (I), (II) or (111) 
30 do not adversely affect the meritorious effects of the present invention. Examples of such compounds 

include those compounds represented by Formula (IV), such as tetramethylzirconium. tetrabenzylzlrconlum, 

tetramethoxyzirconium. tetraethoxyzirconium, tetrabutoxyzirconium, tetrachlorozirconium, tetrabromozir- 

conium, butoxytrichlorozirconium. dibutoxydichlorozirconium, bis(2,5-di-t-butylphenoxy)dimethylzirconium, 

bis(2,5-di-t-butylphenoxy)dichlorozlrconium, and zirconium bis(acetylacetonate). The other examples include 
35 compounds basically same as the above compounds except that zirconium is replaced with hafnium or 

titanium. Such compounds include zirconium compounds, hafnium compounds and titanium compounds 

having at least one group selected from alkyi groups, alkoxy groups and halogen atoms. 

Further, the transition metal compounds containing a transition metal belonging to the VIII Group, are 

not particularly limited. Examples of chromium compounds include tetramethylchromlum, tetra(t-butoxy)- 
40 chromium, bis(cyclopentadienyl)chromium, hydridetricarbonyl(cyclopentadienyI)chromium, hexacarbonyl- 

(cyclopentadienyl)chromlum, bis(benzene)chromium. tricarbonyltrjs(phosphonic acid triphenyl)chromium, 

tris(aryl)chromjum, triphenyltris(tetrahydrofuran)chromium and chromium tris(acetylacetonate). 

Examples of manganese compounds include tricarbonyl(cyclopentadienyl)manganese. pentacarbonyl- 

methylmanganese, bis(cyclopentadienyl)manganese and manganese bis(acetytacetonate). . 
45 Examples of nickel compounds include dicarbonylbis(triphenylphosphine)nickel. dibromobis- 

(triphenylphosphine)nickel, dinitrogen bis(bis(tricyclohexylphosphine)nickel), chlorohydridebls- 

(tricyclohexylphosphine)nickel, chloro(phenyl)bis(triphenylphosphine)nickel, dimethylbis(trimethylphosphine)- 

nickel, diethyl(2,2*-bipyridyl)nickel, bis(a!lyl)nickel, bis(cyclopentadienyl)nickel, bis(methylcyclopentadienyl)- 

nickel, bis(pentamethylcyclopentadienyl)nickel, allyl(cyclopentadienyl)nickel, (cyclopentadienyl)- 
60 (cyclooctadiene)nickel tetrafluoroborate, bis(cyclooctadlene)nickel, nickel bisacetylacetonate, allylnickel chlo- 
ride. tetrakis(triphenylphosphine)nickel. nickel chloride, (C6H5)Ni[OC(C6H5)CH = P(C6H5)2l[P(C6H5)3]. and 

(Ce Hs)Ni[0C(C6 H5)C(S03Na) = P(C6 H5)2[P(C6 Hs)3]. 

Examples of palladium compounds include dichlorobis(benzonitrile)palladium, cart>onyltris- 

(triphenylphosphine)palladlum, dichlorobis(triethylphosphine)palladium. bis(isocyanated t-butyl)palladium. 
55 palladium bis(acetylacetonate), dichloro(tetraphenylcyclobutadiene)palladium, dichloro(1 ,5-cyclooctadiene)- 

palladium. allyl(cyclopentadienyl)palladium, bis(allyl)palladium, allyl(1.5-cyctooctadiene)palladium, palladium 

tetrafluoroborate. (acetyiacetonate)(1 ,5-cyclooctadiene)palladium tetrafluoroborate, and tetrakis(acetonitrile)- 

palladium bistetrafluoroborate. 
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Further Compounds (B) are not particularly limited to. but include any compounds capable of forming 

6 Comprising a cation and an anion wherein a plurality of functional groups ^^^^^'^ *° ^" 
include, for example, those compounds represented by the following formula (V) or (VI). 

([L<-R' f * )p([M3Z' Z2- • • Z"f •■">■), (V) 
,0 ([L2]r*)p([M«Z'Z2-*-Z"]*"-'">-)q (VI) 

vS^™ w'b V II bTiiW KA »a VA ol 11.. P.Me T.wei W «« 1* a™ indep««l««ly 

niri£<."Vii 'X o, i-iiB. «B. VB » vii». « lA, IB. »^2TJZV:ZZ 

NMImemylmi«i«; phosfOtos such ^ Btethylphosphw. trlt».CTylplH>!pl»i« and *e""7«*~P5"^ 
SIIS^ « dl^Shyl .Ih... wyl ewr. l«r*yd.of>.»n and dk»»« lh»«n«» ««* » d«lh,l 

B, l^rTBilpJot M- ar. m. F., Oo. Nl and zn. E««t,pte ol 2' to z- mcludo d.alKyl=|o.no o^op. 

*r.Kpryi»r:zr^'"*-»r.s."g^,i^^ 
s:irrjrs-tiroSr^::"?.=^'^irz7,^^^^^^ 

and S ?,«lo" Smil«i»d ^ anVl «««. ao* as . ™»ylo,olopamad»nyl 9™op. 
b^Vipon J."yl ».«"P and p««.n,.Woyolopa«ad»n,. "^'»- 

carbon aloms and Iho numbor ol subsHM.d aRyl woapa » an mtagar ol 1 lo 5. In Fofmola (V) o. (vi). »| 
"''S',SL°'SSS:nS'::p.0»«0d F.„n>«a « « «. *= lollowln, con,^and. c„ b. «*o»ay 

used as preferred ones. 

Compounds Represented by Formula (V): 

E'^:r:2r.s:^n^."=s.aS^^^^^^^ 



30 



35 



45 



50 



55 



EP 0 504 418 Al 



borate, tri(n-butyI)ammonium tetrakis(pentafluorophenyl)borate, triphenylammonium tetrakis- 
(pentafluoropheny!)borate, tetrabutylammonium tetrakis(pentafluorophenyl)borate, tetraethylammonium 
tetrakis(pentafluorophenyl)borate, methyltri(n-butyl)amnnonium tetrakis(pentafluorophenyl)borate, benzyltri(n- 
butyl)ammonium tetrakis(pentafluorophenyl)borate, methyldiphenylammonium tetrakis(pentafluorophenyl)- 
borate. methyltriphenylammonium tetrakis(pentafluorophenyl)borate. dimethyldiphenylammonium tetrakis? 
(pentafluorophenyl)borate, aniiintum tetrakis(pentafluorophenyl)borate, methyianilinium tetrakis- 
(pentafluorophenyl)borate, dimethylanilinium tetrakis(pentafluorophenyl}borate, trimethylanilinium tetrakis- 
(pentafluorophenyl)borate, dtmethyl(m-nitroanilinium) tetrakts(pentafluorophenyl)borate, dimethyl(p> 
bromoanilinium) tetrakis(pentafluorophenyl)borate, pyridinium tetrakis(pentafluorophenyl)borate, p- 
cyanopyridinium tetrakis(pentafluorophenyI)borate, N-methylpyridinium tetrakis(pentaf!uorophenyl)borate, N- 
benzylpyrldinlum tetrakis(pentafluorophenyl)borate, O-cyano-N-mehtylpyridinlum tetrakls(pentafluorophenyl)- 
borate, p-cyano-N-methylpyridlnium tetrakls(pentafluorophenyl)borate» p-cyano-N-benzylpyrldinium tetrakis- 
(pentafluorophenyl)borate, trtmethylsulfonium tetrakis(pentafluorophenyl)borate, benzyldimethylsulfonium 
tetrakis(pentafluorophenyl)borate, tetraphenylphosphonium tetrakis(pentafluorophenyl)borate, 

dimethylanilinium tetrakis(3,5-dttrifluoromethylphenyl)borate, and hexafluoroarsenic acid triethylammonium. 

Compounds Represented by Formula (VI): 

Ferrocenium tetraplienylborate, silver tetraphenyl borate, trityl tetraphenylborate, tetraphenylporphyrin man- 
ganese tetraphenylborate. ferrocenium tetrakls(pentafluorophenyl)borate, 1 .1 '-dimethylferrocenium tetrakls- 
(pentafluorophenyl)borate, decamethylferrocenium tetrakis(pentafluorophenyl)borate, acetylferrocenium 
tetrakis(pentaf luoropheny l)borate , f ormy If erroceni um tetrakis(pentaf luoropheny l)borate , cy anof erroceni um 
tetrakis(pentafluorophenyl)borate. silver tetrakis(pentafIuorophenyl)borate, trityltetrakis(pentafluorophenyl)- 
borate. lithium tetrakis(pentafluorophenyl)borate. sodium tetrakis(pentafluorophenyl)borate, tetraphenylpor- 
phyrin manganese tetra(pentaf luoropheny l)borate, tetra(pentafluorophenyl)boric acid (tetraphenylporphyrin 
iron chloride), tetra(pentafluorophenyl)boric acid (tetraphenylporphyrin zinc), tetrafluorosilver borate, hex- 
afluoroarsenical silver, and hexafluorosilver antimonate. 

Further, compounds other than those represented by Formula (V) or (VI) such as tris- 
(pentafluorophenyl)boron. tris(3,5-di(trifluoromethyl)phenyl)boron and triphenylboron, can be also used. 

Organic aluminum compounds as Component (C) include those represented by the following formula 
(VII), (VIII) or (IX): 

R1^AIQ3., (VII) 

wherein R^^ is a hydrocarbon group such as an alkyi group, alkenyl group, aryl group or arytalkyi group 
having 1 to 20. preferably 1 to 12 carbon atoms; Q is a hydrogen atom, a C1-20 alkoxy group or a halogen 
atom; and r is a number between 1 and 3. 

Examples of compounds represented by Formula (VII) are, for example, trimethylaluminum. 
triethylaluminum, triisobutylalumlnum, dimethylaluminum chloride, diethylaluminum chloride, 
methylaluminum dichloride, ethylaluminum dichloride, dimethylaluminum fluoride, dlisobutylaluminum 
hydroide, diethylaluminum, hydride and ethylaluminumsesqulchloride. 

Chain aluminoxanes represented by the following Formula (VIII): 

r12 " ^r12 

^Al - 0 - (Al - OJs-2 Al ... (VIII) 

Kl2^ Rl2 '^Rl2 

wherein R^^ jg gg ^jefined in Formula (VII); and s is a degree of polymerization, usually from 3 to 50. 
Cyclic alkylaiumlnoxanes having a repeating unit represented by the formula: 

(Al - 0)s— 

r12 ... (IX) 

wherein R*^ is defined in FomDula (VII); and s is a degree of polymerization, usually from 3 to 50. 
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Of these compounds represented by Formulas (VII) to (IX). preferable compounds are those repre 
sented by Formula (V")- Particularly preferable compounds are those represented by Formula (V I) wherein 
MS fmore particularly alkylaluminum such as trimethylaluminum. triethylaluminum or tn.sobutylalummum. 

wZds cJ preparing L above aluminoxanes are not particularly limited to but '"cl"de any kna.n 
methods such as a process comprising contacting alkylaluminum with a condensat.on agent ^uoh as wMer 
AlkSumLm and a condensation agent can be reacted by known methods, for example (1) a method 
Sr^p isl dTssolving an organoaluminum compound in an organic solvent, and contacting the solution with 
waters a method comprising adding an organoaluminum compound to starting materials for polymeriza- 
"ot and adding water to the Lctton mixture later: (3) a method comprising reacting organoalurr^^^^^^^ 
comiund with crystalline water contained in a metal salt and the Ilka or water adsorbed ^ an morganic 
maTerial or an organic material: (4) a method comprising reacting tetraalkyldialuminoxane wrth trial- 
kylaluminum, and then reacting the reaction product with water. i„n«rttent^ the 

Catalysts which can be used in the process of the present invention compnse. as mam ingredients, the 
above Component (A) and Component (B). and optionally. Component (C). . , . v , 

in Ws cTe the use conditions are not limited; however it is preferable to adjust a ratio (rnolar ra ,o) of 
Component (I) to Component (B) to 1:0.01 to 1:100. more preferably 1:0.5 to 1:10. most preferably lr^ to 
?5 Further, reaction temperature may preferably range from -100 to 250°C. Reaction pressure and reaction 

^urthe" rr":rrponent (C) used may be from 0 to 2 000 mol. P-e~ S to 1.00 
mol. most preferably from 10 to 500 mol. per 1 mol of Component (A) The use °\ 'J^"'^^ j2irTbte 
improve polymerization activity. However, the use of excess amount of Component (C) .s not desirable 
since great amount of the organoaluminum compound will remain in the resultant polynner 

in addition, a way of using the catalysts is not particularly limited. For example it PO^s-We thm 
Components (A) and (B) are preliminary reacted and the reaction product is separated, washed and used 
■6 for polymerization. It is also possible that Components (A) ^ ^^'^^'^^^^'''^^^^^^^ 

polymerization system. Further. Component (C) can be contacted with Component W. Comp°"^nt or 
L reaction product of Component (A) and Component (B). These components can be contorted b^^^^ 
polymerization or during polymerization. Further, these components can be added to monomers or a 
solvent before polymerization, or to the polymerization system. 
,0 in the proceJof the present invention, a cyclic olefin can be homo-polymenzed. or a cyclic olefin and 
an alpha-olefin can be co-polymerized in the presence of the above-mentioned catabrsts 

As used herein, the cyclic olefins include cyclic monoolefins having one double bond and cyclic 

''°'t:'crci^^rnS:Se. tor example, monocyclic olefins such as cyclobutene. cyclo^^^^^^^^^^^ 
35 cyclohexene. cycloheptene. cyclooctene; substituted monocyclic olefins such as ^■"^^^^^^''''^^^'^1 ^"1 
Imethylcyclohexene; polycyclic olefins such as norbomene. 1.2-dihydrodicyclopentadiene and 14 5.8- 
dimSno-fa 3 Ma 5.8.8Lrt^^ and substituted polycyclic olefins such ^ J'-^e ^y^or- 

Trntne 5-methyino;bomene. 5-e'thylnorbornene. 5-propylnort,omene. SlPhenylnorbomene. ^^e-y'"-*"" 
nene 5-ethvlidenenorbornene. 5-vinylnorbomene. 5-chloronorbornene. 5-fluoronorbornene, 5s:hloromethyl- 
^ nl^met fmroSl^^^^^^^ 5.6-dimethylnorbornene. S-^^f '^/^^^^^^^ 

5 5 6-trimethylnortx)rnene. 5.5.6-trifluoro-6-trifluoromethylnorbornene. 2-methyl-1 .4.5.8-dlme^hano- 
?^ 3 ^l^^T8.te■Sa^^yd^naphthklene. 2-ethyl-l.4.5.8-dimethano-1.2.3.4.4a.5.8.8a-octahydronaphthalene 
and2.3-dimethyl-1.4.5.8<limethano-1.2.3.4.4a.5.8.8a-octahydronaphathalene. ^,u»,„„, 
6f these compounds, preferred are polycyclic olefins, particularly norbomene or denvatves thereof 
46 Further, the cyclic diolefins are not particularly limited to, but include norbomad.enes represented by 
the lollowing formula p<): 
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R13 R14 




R16 

wherein R*^, R^*, R^^, R^^, R^^ and R^^ may be the same as or different from each other, and are 

75 independently a hydrogen atom, a Cy -20 all<yl group or a halogen atom. 

The norbornadienes represented by the above Formula (X) include, for example, norbornadiene, 2- 
methyl-2,5-norbornadiene, 2-ethyl-2.5-norbornadiene, 2-propyl-2,5-norbornadiene, 2-butyl-2.5-norbornadiene. 
2-pentyl-2,5-norbornadlene, 2-hexyl-2.5-norbornadiene, 2-chloro-2.5-norbornadiene, 2-bromo-2,5-norbor- 
nadiene, 2-fluoro-2,5-norbornadiene, 7,7-dlmethy!-2,5-norbornadiene, 7.7-methylethyl-2.5-norbornadiene, 

20 7.7-dichloro-2,5-norbornadiene, 1 -methyl-2,5-norbornadiene, 1-ethyl-2,5-norbornadlene, 1 -propyl-2.5-norbor- 
nadiene, 1 -butyl-2.5-norbornadiene, 1-chforo-2,S-norbornadiene. 1-bromo-2.5-norbornadiene, 7-methyl-2.5- 
norbornadiene, 7-ethyl-2.5-norbomadiene, 7-propyl-2.5-norbornadiene, 7-chloro-2,5-norbomadlene. 2,3- 
dimethyl-2,5-norbornadiene, 1 ,4-dimethyl-2.5-norbornadiene and 1,2,3,4-tetramethyl-2,5-norbornadiene. 
Further, suitable alpha-olefins to be co-polymerized with a cyclic olefin include, for example, those 

25 having 2 to 25 carbon atoms such as ethylene, propylene, butene-1 and 4-methy lpentene-1 . Of these, 
ethylene is most preferable. 

Further, in the process of the present invention, as desired, copolymerizable unsaturated monomer 
components other than the above compounds, can be used. Unsaturated monomers which can be 
optionally copolymerized include, for example, alpha-olefins other than those listed above, cyclic olefins 

30 other than those listed above, and chain dienes such as butadiene, isoprene and 1 .5-hexadiene. 

As for polymerization . conditions, the polymerization temperature may range from -100 to 250**C, 
preferably from -50 to 200*'C. Further, the catalyst is preferably used in an amount to provide a starting 
monomer/Component (A) molar ratio or a starting monomer/Component (B) molar ratio of from 1 to 10^, 
preferably from 100 to 10^. The polymerization time may usually range from 1 minute to 10 hours. The 

35_ reaction pressure may range from normal pressure to 100 Kg/cm^G, preferably from normal pressure to 50 
Kg/cm^G. 

Polymerization methods are not particularly limited to, but include bulk polymerization, solution 
polymerization and suspension polymerization. 

In the case of using polymerization solvents, suitable solvents include aromatic hydrocarbons such as 
40 benzene, toluene, xylene and ethylbenzene; alicyclic hydrocarbons such as cyclopentane, cyclohexane and 
methylcyclohexane; aliphatic hydrocarbons such as pentane, hexane. heptane and octane; and halogenated 
hydrocarbons such as chloroform and dichloromethane. These solvents can be used alone or in combina- 
tion. Monomers such as alpha-olefins can also be used as solvent. 

The molecular weight of the resultant polymer can be controlled by appropriately selecting the amount 
45 of each catalyst component and polymerization temperature, or by a polymerization reaction in the 
presence of hydrogen. 

In the case of preparation of cyclic olefin/alpha-olefin copolymers in accordance with the process of the 
present invention, substantially linear, random copolymers having a ratio of a structural unit derived from 
alpha-olefin to a structural unit derived from cyclic olefin, of 0.1:99.9 to 99.9 to 0.1. It is possible to confirm, 
50 by completely dissolving the resultant copolymer in decaline at 135°C, that the copolymers are substantially 
liner. In this case, in general, copolymers having an intrinsic viscosity of 0.01 to 20 dl/g, measured in 
decalin at 135**C. can be obtained. 

Cyclic Olefin Copolymers (I): 

55 

The cyclic olefin copolymers (I) of the present invention have (1) 0.1 to 40 mol % of the repeating unit 
of the formula [X] and 60 to 99.9 mol % of the repeating unit of the formula [Y]; (2) an intrinsic viscosity of 
0.01 to 20 dl/g; and (3) a glass transition temperature (Tg) of 150 to 370'*C. 
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in the repeating unit represented by the genera. Formula [X]. R- is a hydrogen atom or a hydrocarbon 

^"rrs^'he^n^SX^ca":L groups having 1 to 20 cartoon atoms include, for exarnrje am^y. 
grou? etht? group, isopropy. group, isobuty. group, n-butyl group, n-hexyl group, octyl group and octadecyl 

Aioha-olefins which can provide the repeating unit represented by the general Formula [X] include, for 
exaZ 2S"ne Propyl^^^^ 3-methyl-1-butene. 4-methy.-l -pentene. l-hexene. 1-octene. de- 

m'^etraSng units represented by the genera. Formula [Y]. R" to R- are independently a hydrogen 
atori" XdrSZ "roup having 1 to 20 carbon atoms, or a substituent having a halogen atom, oxygen 

'*°"as" SfelJ^^The hydrocarbon groups having 1 to 20 carbon atoms include, for example. ^ky. grou^ 

carbon atom to which the alkylidene group is attached, will not have the <*ar subsj^ent 

Further the halogen-containing substituents include, for example, halogen groups ^ ""^^i 
chlorinrbro,r,ine and iodine; halogenated alky, groups having 1 to 20 carbon atoms such as a chloromethyl 

^^The^Zg^rrrnrr^^^^^^^^^ examp.. alkoxy groups ^rgrp: 

such ^ a methoxy group, ethoxy group, propoxy group and phenoxy group; and alkoxycarbonyl groups 

T?r4%a58SSahVdr;naphthalene.2.3-dimethyl-1.4.5.8Klimethano-l.2.3.4.4a.5.88a- 

« ias8-dimethano-1 2 34 4a.5,8.8a-octahydronaphthalene. 2-fluoro-1 .4.5.8-dimethano-1 .2,3.4,4a.5.B,Ki oc 
" ihSS^JaThrha^^^^ 

^iVd^'^rai^n^^^^^^^ 

SdS pi ene. s-chiro'^i^men^^^^^^^ 5-f.uoronorbomene. 
wSuorSXorbornene. 5-chloromethylnorbornene. 5-methoxynorbornene. S.W.carboxylnorbomene an- 

•'^Te^rSrr^rrof^^^^^^^^^^^ are basically composed of the atK>v. 

^ rvcilc olefin coDolvmers (I) of the present invention may have a ratio of repeating unite [X] content 

:rhTv?p<;.r flSlS.^f the repJ^ting Li [X] content exceeds 40 mol%. the resultant copolymer w.ll 

" '"'-^Tc'XSin coir-"s (.) of the present invention have an Intrinsic viscosity measured at 13^C 
in dSnr^f 0 0 to 2?^dl/g. H the intrinsic viscosity is less than 0.01 dl/g. the strength of the restritent 
copoCi w ' remarkably' decreased. H the Intrinsic viscosity exceeds 20 dl/g. the copo^mer w.1. have 
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remarkably poor moldability. More preferable intrinsic viscosity nnay be 0.05 to 10 dl/g. 

Further, the cyclic olefin copolymers (I) of the present invention have a glass transition temperature (Tg) 

of 150 to 370®C, preferably 160 to 350°C. most preferably 170 to 330°C. If such copolymers having glass 

transition temperature within these ranges are used, the resultant films or sheets can be effectively used at 
5 low temperature. The glass transition temperature (Tg) can be controlled by changing the component ratio 

of the copolymer and the kind of the monomers used, depending upon the intended application and 

required physical properties therefor. 

The cyclic olefin copolymers (I) of the present Invention can be composed of a copolymer having the 

above-mentioned physical properties and also can be composed of such copolymer and a copolymer 
10 having physical properties outside of the above ranges. In the latter case, the composition should have the 

physical properties within the above ranges. 

Cyclic Olefin Copolymers (II): 

16 The cyclic olefin copolymers (H) of the present invention have (1) 80 to 99.9 mol % of the repeating unit 
of the formula [X] and 0.1 to 20 mol% of the repeating unit of the formula [Y]; (2) an intrinsic viscosity of 
0.01 to 20 dl/g: (3) a glass transition temperature (Tg) of less than 30°C; and (4) a tensile modulus of less 
than 2,000 Kg/cm2. 

Further, as characteristic feature, the cyclic olefin copolymers (II) have a melt peak measured by DSC 

20 of less than 90^C. The cyclic olefin copolymers (II) also show a crystallization peak measured by DSC (heat 
down stage) such that the sub peak appears on the high temperature side against the main peak. 

In the cyclic olefin copolymers (II) of the present invention, the repeating unit represented by the 
general Formula [X] or [Y], and unsaturated monomers which can be optionally copolymerized, are the 
same as those described for the cyclic olefin copolymers (I). 

25 The cyclic olefin copolymers (II) of the present invention may have a ratio of repeating unit [X] content 
(x mol%) to repeating unit [Y] content (y mol%) of 80 to 99.9:20 to 0.1. preferably 82 to 99.5:18 to 0.5, most 
preferably 85 to 98:15 to 2. If the repeating unit [X] content is less than 80 mol%, the resultant copolymer 
will have high glass transition temperature and high tensile modulus, resulting in films or sheets having a 
poor elongation recovery property, and articles made with a mold having poor impact strength and poor 

30 elasity. On the other hand, if the repeating unit pC] content exceeds 99.9 mol%, meritorious effects derived 
from introduction of the cyclic olefin component will not be satisfactory. 

It is preferable that the cyclic olefin copolymers (II) be substantially linear copolymers having no gel 
cross-linking structure in which the repeating units [X] and [Y] are randomly arranged. It can be confirmed 
by complete dissolution of a copolymer in decalln at 135**C that the copolymer does not have a gel cross- 

35 linking structure. 

The cyclic olefin copolymers (II) of the present invention have an intrinsic viscosity measured in decalin 
at 135°C of 0.01 to 20 dl/g. If the intrinsic viscosity is less than 0.01 dl/g, the strength of the resultant 
copolymer will be remarkably decreased. If the intrinsic viscosity exceeds 20 dl/g. the copolymer will have 
remarkably poor moldability. More preferable intrinsic viscosity may be 0.05 to 10 dl/g. . 

40 The molecular weight of the cyclic olefin copolymers (II) is not particularly limited. However, the cyclic 
olefin copolymers (II) have preferably a weight average molecular weight (Mw) measured by gel permeation 
chromatography (GPC) of 1,000 to 2,000,000, more preferably 5.000 to 1.000.000; a number average 
molecular weight (Mn) of 500 to 1,000.000, more preferably 2.000 to 800,000; and a molecular weight 
distribution (Mw/Mn) of 1.3 to 4, more preferably 1.4 to 3. Copolymers having a molecular weight 

45 distribution of greater than 4, have high content of low molecular weight components, resulting in that the 
resultant molded article made with a mold and films may become sticky. 

The cyclic olefin copolymers (II) of the present invention have a glass transition temperature (Tg) of less 
than 30°C. If such copolymers having glass transition temperature within these ranges are used, the 
resultant films or sheets can be effectively used at low temperature. More preferred glass transition 

50 temperature (Tg) is less than 20**C, particularly less than 15®C. The glass transition temperature (Tg) can be 
controlled by changing the component ratio of the copolymer and the kind of the monomers used, 
depending upon the intended application and required physical properties therefor. 

Further, the cyclic olefin copolymers (II) of the present invention preferably have a crystallization degree 
measured by X-ray diffractiometry of less than 40%. If the crystallization degree exceeds 40%, the 

55 elongation recovery property and transparency may be decreased. More preferred crystallization degree is 
less than 30%. particularly less than 25%. 

The cyclic olefin copolymers (II) of the present invention should have a tensile modulus of less than 
2,000 Kg/cm^. For example, if the copolymer having a tensile strength of not less than 2.000 Kg/cm^ is used 
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to prepare a film for packaging, a great amount of energy will be required ^"""9 ^"f^ 
packaging corresponding to an item to be packaged cannot be obtained. K such .=°P°_5['"«^'^ "^^^ j° 
prepare an article made with a mold, the resultant product may have insufficient impact strength. More 
preferred impact strength is 50 to 1 .500 Kg/cm^. . ... t, „ r.a»k 

Further, the cyclic olefin copolymers (II) of the present invention preferably f .^^'l^^^^ 
measured by DSC at lower than dO'C. The copolymer having a sharp melt peak at 90 C or higher h^ 
SSent random arrangement of a cyclic olefin component and an .^^^^ ^TT/broLd ^^^^ is 
poor elongation recovery property when molded into a film or the like. In addition, the broad peak .s 
oreferably seen within a range of 10 to 85°C. ^^uru;* o 

,0 in the DSC measurement, the cyclic olefin copolymers (II) of the Presem mvent.^^ do e^h^^, ^ 
sharp melt peak. In particular, those having low crystallization degree exhibit almost no peaks at the 
measurement conditions tor conventional polyethylene. 

Trther. Acyclic olefin copolymers (11) of the present invention preferably exhibit crystallization peaks 
meZwd by DSC (temperature decrease measurement) such that at least one relatively small sub peak 

75 appears on the high temperature side against the main peak. ^ ^ • i ,«.rt.«>= tho 

Because of these good them,al properties in addition to the above-mentioned physical p^op^r^^^^^^^ 
molded articles, including broad range of molding temperature, high quality molded articles such as films 

''^"?Lty'iL^olefin?opolymers (II) of the present invention can be composed of a copolymer having the 
20 above-mentioned physical properties and also can be composed of such copolymer « «»PO'y""«^ 
having physical properties outside of the above ranges. In the latter case, the composition should have the 
physical properties within the above ranges. 

Cycli c Olefin Copolymer Connpositions: 

The first cyclic olefin copolymer compositions comprise (a) 100 pats by weight of a cyclic olefin 
copolymer (II) and (b) 0.01 to 10 parts by weight of an anti-blocking agent and/or a lubricant. The second 
ScHc ^etin copolymer compositions further comprise (c) 1 to 100 parts by weight of an alpha-olefin based 
polymer in addition to Components (a) and (b). r«™,r.„non» 
In the cyclic olefin copolymer compositions of the present invention, anti-blowing agents. Componerrt 
(b) a?e not particularly limited to. but include, for example, oxides, fluorides, nitrides, sulfates. Phosphate® 
Sd SrConTtes of metals, and double salts thereof. I^lore specifically, the anti-blocking agents incWe. for 
Sample silicon oxide, titanium oxide, zirocinum oxide, aluminum oxide, alum.nosilicate. zeolite, dia- 
SSus S. talc, kaolinlte. sericite. montmorillonite. hectolite. calcium fluoride, -agnesium fluoride. 
toSTnitride. aluminum nitride, calcium sulfate, strontium sulfate, barium sulfate, calciun, phosphate, 
s^ontium carbonate, barium phosphate, calcium carbonate, strontium carbonate and banum carbonate^^ 

Further, lubricants which can be used as Component (b) are also not particul^y 'f;. "^^^^ 

higher aliphatic hydrocarbons, higher fatty acids, fatty add amides, fatty aad e«ers. fatty acid alcohols, 
polyhydirc alcohols and the like. These lubricants can be used alone or in combination. ^^.^^ 
More specifically, suitable lubricants include, for example, liquid paraffin natural Para^" pohrehW>ene 
wax fluorocart)on oil lauric acid, palmitic acid, stearic acid, isostearic acid, hydroxylauric acid, hydrox 
;^"a3c S^J^o acid amide, .auric acid amide, erucic acid amide, methyl stearate butyl stearate stearyl 
alcohol cety ateohol. isocetyl alcohol, ethylene glycol, diethylene glycol and fatty acid monoglyceride. 
iJ^ aSoS is l^ssible to use the anti-blocking agent alone, the lubricant alone or combinations 

"""r'the cyclic olefin copolymer compositions, alpha-olefin based polymers. Component (c) are homc^ 
polymers or copolymers prepared from, as one component, an alpha-olefin represented by the foltowing 

general formula: 

50 CH2 = CHR^3 

wherein R^^ is a hydrogen atom or an alkyl group having 1 to 20 carbon atoms, provided that the cyclic 
olefin copolymers (II). the above-mentioned Component (a) are excluded. ^^.^othvi 
More specifically, suitable alpha-olefin based polymers. Component (c) include, for example, polyethyl- 
55 ene. an ethylene/l-butene copolymer, an ethylene/4.methyM-pentene copolymer, ethylene™ 
copolymer, an ethylene/1 -octene copolymer, an ethylene/vinyl acetate copolymer ^^f^^f^f^^^ 
copolymer, its metal salt, polypropylene, a propylene/ehtylene copolymer, a P^V'^^^J,^^^^^^ 
a poly-l-butene/ethylene copolymer, a 1-butene/propylene copolymer, a 1-butene/4-methyl-1-pentene 
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copolymer, a poly-4-methyl-1 -pentene, poly-3-methyl-1-butene. Of these polymers, polyethylene, an 
ethylene/1 -butene copolymer, an ethylene/1 -hexene copolymer and an ethylene/1 -octene copolymer are 
more suitable. 

The above first compositions comprise 0.01 to 10 parts by weight, preferably 0.02 to 8 parts by weight, 
6 more preferably 0.05 to 5 parts by weight of an anti-blocking agent and/or a lubricant. Component (b). 
based on 100 parts by weight of the cyclic olefin copolymer (II). Component (a). 

The above second composition further comprise 1 to 100, preferably 2 to 80, more preferably 3 to 50 
parts by weight of an alpha-olefin based polymer, Component (c). based on 100 parts by weight of the 
cyclic olefin copolymer (II), Component (a) in addition to the anti-blocking agent and/or the lubricant, 
10 Component (b). In the second compositions, the addition of the alpha-olefin based polymer. Component (c) 
can make it possible to reduce the amount of Component (b) used and can also solve problems such as 
bleeding out. 

In the first and second compositions, if the amount of Component (b) added is less than. 0.01 parts by 
weight, the compositions will have too large adhesiveness, resulting in poor moldability. If the amount 
75 exceeds 1 0 parts by weight, the transparency will be decreased. 

Further, in the second compositions, if the amount of Component (c) added is less than 1 part by 
weight, the meritorious effects derived from addition of the alpha-olefin polymer cannot be expected. If the 
amount exceeds 100 parts by weight, the elongation recovery property will be insufficient. In addition, the 
cyclic olefin copolymer compositions of the present invention may comprise the other additives such as 
20 stabilizers such as an antioxidant and UV-absorbant. antistatic agent, inorganic or organic filler, dye. 
pigment and the like. 

There is no specific limitation to a production process of the cyclic olefin copolymer compositions of the 
present invention. However, the compositions can be effectively produced by mixing each of components in 
a molten state. Conventional melt-mixing machines which can be used include, for example, open type ones 
25 such as a mixing roll and closed type ones such as a Bunbury mixer, extruder, kneader, continuous mixer 
and the like. 

In addition, it is also preferable to add additives such as Component (b) to the compositions, by 
preliminarily add such additives to a cyclic olefin copolymer or an alpha-olefin based resin to prepare a 
master batch. 

30 

Molded Articles: 

The cyclic olefin copolymers (I) and (II). and the cyclic olefin copolymer compositions of the present 
invention can be molded into films, sheets and other various molded articles by known methods. For 
35 example, the cyclic olefin copolymers or compositions can be subjected to extrusion molding, injection 
molding, blow molding or rotation molding with use of a uniaxial extruder, vent type extruder, biaxial screw 
extruder, biaxial conical screw extruder, cokneader, pratificater. mixtruder, planetary screw extruder, gear 
type extruder, screwless extruder or the like. Further, films and sheets can fc>e produced by a T-die method, 
inflation method or the like. 

40 In addition, the cyclic olefin copolymer compositions of the present invention can be directly subjected 
to processing during the production of the composition if necessary. In the practice of processing, known 
additives such as heat stabilizer, light stabilizer, antistatic agent, slipping agent, anti-blocking agent, 
deodorant, lubricant, synthesized oil, natural oil, inorganic or organic filler, dye and pigment, can be added if 
desired. 

45 The films or sheets obtained from the cyclic olefin copolymers (I) of the present invention as described 
above are superior In heat resistance, transparency, strength and hardness, and thus can be effectively 
used in an optical, medical, and food field or the like. 

The films or sheets made form the cyclic olefin copolymers (II) of the present invention have a good 
elongation recovery property, good transparency, suitable eiastty and well-balanced physical properties, and 
50 thus can be effectively used in a packaging, medical, agricultural field or the like. 

Further, the wrapping films made of the cyclic olefin copolymers (II) of the present invention are 
superior in various properties such as transparency, an elongation recovery property, adhesiveness, a 
tensile property, stabbing strength, tear strength, low temperature heat sealability. The wrapping films have 
no problems from a food sanitary view point and from a waste incineration view point, and thus are 
55 pollution less products. 

Furthermore, the molded articles made with a mold from the cyclic olefin copolymers (II) have good 
transparency, elasity and impact strength, and thus can be used as various products such as automotive 
parts, parts for home electronics appliances, electric wire coating parts, goods or materials for construction. 
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5 



[EXAMPLES] 

The present invention will be described in more detail with reference to the following Examples and 
Comoarative Examples, which are not construed as limiting. 

TThT^^^^^ and comparative Examples, physical properties were measured as follows. 

Mw. Mn, Mw/Mn 

(column: TSK GMH-6 x 1 manufactured by Tosoh. GL-A120 x i ana olm o 
Hitachi) under the following conditions: 
Solvent: Chloroform 
Temperature: 23°C 

conditions: 

Solvent: 1,2,4-trlchlorobenzene 
20 Temperature: 135*'C 

Standard Polymer: Polyethylene. 

Intrinsic Viscosity M 

The intrinsic viscosity was measured in decaline at 135**C. 

Nor bornene Content 

the 7th position of the norbomene. 
Degree of CrystaUization 

A specimen was prepared by heat pressing. The specir^nt was evaluated at roon. temperature by X- 
ray diffractiometry. 
Glass Transition Temperature (Tq) 

* ^«..!««ont viRRON ll-EA manufactured by Toyo Bowlding was used. A specimen 

loss modulus (E") measured in the above manner. 
Softening Point (TMA) 

Melting Point (Tm) 

The melting point was measured with DSC (7 series -nufactu^^^^ Parkin-Elmar) at a heat up rate of 
10»C/min. The melting point was measured at between -50°C and 150-C. 

Crystallization Temperature 



25 



30 



35 



40 



45 



65 



16 



EP 0 504 418 A1 



The crystallization temperature was measured by heating a specimen with DSC (7 series manufactured 
by Parkin-Elmar) at a heat up rate of lO^'C/min. up to 150°C, keeping it for 60 seconds, and then cooling it 
at a heat down rate of 10°C/min. up to -50°C. . 

5 Tensile Modulus 

The tensile modulus was measured with an autograph in accordance with J1S-K7113. 
Tensile Strength at Break 

TO 

The tensile strength at break was measured with an autograph in accordance with JIS-K7113. 

Elongation at Break 



15 The elongation at break was measured with an autograph In accordance with JIS-K7113. 
Elastic Recovery 

A specimen having a width of 6 mm and a length between clamps (U) of 50 mm. was extended up to 
20 150% with an autograph at a pulling rate of 62 mm/min., and kept for 5 minutes. Then, the specimen was 
allowed to shrink without rebounding. One minute later, the lenth between clamps (Li ) was measured. The 
elastic recovery was calculated in accordance with the following equation. 



25 



30 



Elastic Recovery = t1-{(U-Lo)/l-o}] x 100 

In this case, preferable elongation-recovery rate may be at least 10%, more preferably at least 30%, 
most preferably at least 60%. 

All Light Transmittance, Haze 

The all light transmittance and haze were measured with a digital haze computer manufactured by Suga 
Testing Equipment in accordance with JIS-K7105. 



Heat Seal Temperature 

A specimen (4 cm x 20 cm) was heat sealed by pressing the heat seal portion (10 mm x 15 mm) at a 
pressure of 2 Kg/cm^ for one second. Thirty minutes later, the specimen was pulled to separate the heat 
seal portion at a pulling rate of 200 mm/min until the heat seal was broken. The heat seal temperature was 
the temperature when the strength to pull the specimen reached 300 g. 

Elemendorf Tear Strength 

The Elemendorf tear strength was measured in accordance with JIS-P8116. 



45 Self Adhesiveness 



The self adhesiveness was evaluated by observing if the films pressed together was separated after a 
certain period of time. 

60 Stabbing Strength 

The load when a specimen was stabt)ed witin a needle having a tip radius of 0.5 mm at a stabbing rate 
of 50 mm/min., was measured. 

55 Izod Impact Strength 



The izod impact strength was measured in accordance with JIS-K7110. 
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Molding Shrinkage Factor 

5 comparing the size of the molded article with the size of the mold. 
G as Permeability 

The gas pem,eat.lity was measured at 23-0 in accordance with Process A (differential pressure 
70 process) of JIS-K7126. 
Moisture Permeability 

The moisture permeability was measured at 40^0 at a compara«ve moisture of in accordance with 
75 the cup process (Conditions B) of J1S-Z0208. 

Olsen Stiffness 

The olsen stiffness was measured in accordance with JIS-K7106. 

20 

Shore Hardness 

The shore hardness was measured in accordance with J1S-K7215. 
25 Example 1 

(1) Preparation of Triethylammonium Tetrakis(pentafluorophenyl)borate: 

PentafluorophenyllKhlum prepared from .^--P-^trne'^^^^^^^^^^^ 
30 mmol). was reacted with 45 mmol '^^^^^^^^^^^ was reacted with pen- 





^H-NMR (THFds): 


40 


-CH3 


1.31 ppm 


-CHz- 


3.27 ppm 



45 



50 



13C-NMR: 



-CeFs 
-CH2- 
-CHa 



150.7, 147.5. 140.7. 138,7. 137.4. 133.5 ppm 
48.2 ppm 

9.1 ppm ^ 



(2) Preparation of Catalyst: 

50 ml of toluene to obtain a catalyst solution. 
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(3) Polymerization: 

A 100 ml flask was charged with 25 mmol of cyclopentene. 0.05 mmol of the catalyst (as transition 
metal component), and 25 ml of toluene. Then, the reaction was carried out at 20**C for 4 hours. The 
6 reaction product was placed into methanol and the precipitated white solid product was recovered by 
filtration. Then, the obtained product was washed with methanol and dried. The yield was 0.61 g. 

The polymerization activity was 0.13 Kg/gZr (12 Kg/mol-2r). As a result of molecular weight measure- 
ment by GPC. it was found that the obtained product had a Mw of 8,200 and a Mw/Mn of 2.6. 

Further, It was found by ^H-NMR that the obtained product did not show absorption derived from a 
10 carbon-carbon double bond at 5.7 ppm. and by infrared spectrophotometry that the obtained product was 
polymerized with keeping the rings therein. 

Example 2 

IS In a 100 ml flask. 25 mmol of cyclopentene, 0.05 mmol of (cyclopentadienyl)tribenzylzirconium, and 
0.05 mmol of triethylammonium tetrakis(pentafluorophenyl)borate were reacted in 50 ml of toluene at 20*C 
for 4 hours. Thereafter, the reaction mixture was placed into 100 ml of methanol and the precipitated white 
solid product was recovered by filtration. Then, the obtained product was washed with 50 ml of methanol, 
and dried under reduced pressure to obtain 0.58 g of white powders. 

20 The polymerization activity was 0.13 Kg/gZr (12 Kg/mol-Zr). As a result of molecular weight measure- 
ment by GPC, It was found that the obtained product had a Mw of 9.400 and a Mw/Mn of 2.6. 

Example 3 

25 In a 100 ml flask, 25 mmol of norbornene (In a 70 wt.% norbornene solution containing the same 
solvent as that for polymerization; this procedure will follow throughout the examples and comparative 
examples as described below), 0.05 mmol of (pentamethylcyclopentadlenyl)trimethylzirconlum, and 0.05 
mmol of triethylammonium tetrakis(pentafluorophenyl)borate were reacted, while stirring, in 50 ml of toluene 
at 20°C for 4 hours. Thereafter, the reaction mixture was placed Into 100 ml of methanol. A white solid 

30 product was precipitated, recovered by filtration, and then dried to obtain 0.51 g of a solid product. 

The polymerization activity was 0.11 Kg/gZr (10 Kg/mol-Zr). As a result of molecular weight measure- 
ment by GPC, it was found that the obtained product had a Mw of 12,000 and a Mw/Mn of 2.3. 

Example 4 

35 

To a 500 ml glass vessel. 200 ml of dried toluene and 21 mmol of norbornene were charged and 
ethylene gas was purged at 50°C for 10 minutes. Thereafter, 0.05 mmol of bis(cyclopentadlenyl)- 
dimethylzirconium, and 0.05 mmol of triethylammonium tetrakis(pentafluorophenyl)borate were added to the 
reaction vessel to initiate the polymerization. After the polymerization was carried out at 50°C for 1 hour, the 
40 polymerization was terminated by addition of methanol. The reaction product was recovered by filtration, 
and dried to obtain 1 .8 g of a copolymer. 

The polymerization activity was 0.39 Kg/gZr (36 Kg/mol-Zr). The obtained product had an intrinsic 
viscosity of 1.38 dl/g and a norbornene content of 12 mol%. 

45 Example 5 

(1) Preparation of Catalyst: 

One milimol of ethylenebis{indenyl)dimethylzirconium was reacted with 1 mmol of triethylammonium 
50 tetrakis(pentafluorophenyl)borate In 50 ml of toluene at 20**C for 4 hours. After the solvent was removed, the 
obtained solid product was washed with 20 ml of petroleum ether, dried and dissolved in 50 ml of toluene to. 
obtain a catalyst solution. 

(2) Polymerization: 

55 

A 100 ml flask was charged with 25 mmol of cyclopentene, 0.05 mmol of the catalyst (as transition 
metal component), and 25 ml of toluene. Then, the reaction mixture was reacted at 20°C for 4 hours. The 
reaction product was placed into methanol and the precipitated white solid product was recovered by 
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filtration to obtain 0.84 9 of a white solid produrt^^ ^ ^ ,33,, of molecular weight 



polymerized with keeping the rings therein 
Example 6 



15 



20 



25 



30 



txampie D . 

The polymerization activity was 014 Kg/gZ'. <J^,^^f,3d a Mw of 9.000 and a Mw/Mn of 2.7. 
measurement by GPC, it was found that the obtained product 

Example 7 . . 

'::;oo mi f,as. 2S mmo, of norbornene. 0- ---^^^^^^^^^ 

0.05 mmo. of triethy.ammonium tetraKis(pen«^^^^^^^ ^,^,,3 p.^ced into 100 n,, 

.nation, and d^ed to Obtain 0.43 g of a 

^^•'^r;Sme.at.on activity was 0.11 K^^Zr Kg.m^^^^^^^^ 
mentVy GPC. it was found that the obtained product had a Mw 

^^^^ ^^„-t that ferrocenium tetrakis(pentafluorophenyl)borate 

The procedures of Example 7 were '^^l^^^^Z)b^,^B. The yield was 0.82 g. 
was used instead of triethylammoniurnte.rj.s^rjf. 0^^^^^ ^ ^ ^^^^^ ^, 

mere^eTbroPaitrrd^J- 



35 Example 0 



, ,.n.».^d exceot that siNer tetrakis(pontafluorophenyl)borate was 

The procedures of Example 7 were ;«Pf 'f ™,3te The yield was 0.56 g. 
used^nsteadoftriethy.ammoniumtetrakJ pent«^e^^^ ^ ^^^^ ^ rnoiecular weight 

.eai:^m«aitw^orJieorn?dJrod^^ 



40 measurement 
Example 10 



Example 10 

♦.H ovrAot that trityl tetrakis(pentafluorophenyl)borate was 



Example 1 1 



50 



55 



bx ampig 1 1 

"T;:; vessel purged wl. .gon. was cha..^^^^^^^^^^^ '^^^IZ^.^^ O.l 

mmol of triethylammonium tetrakis(pentafluor<^eMbor^. 0- gO^C for 1 hour and 

Zol Of ethy.enebis(indeny0^dim^^^^^ 30lid product was recovered by 

Sio^lnd'yJdToi « "^^.r'ilt^^^^^ AS a result of molecular weight measure- 
menl^^^SrHrouS'Sro^^^^^^^^^^^ 
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Example 12 

To a 500 ml glass vessel, 200 ml of dried toluene and 25 mmol of norbornene were charged and 
ethylene gas was purged at 50°C for 10 minutes. Thereafter, 0.01 mmol of ethylenebis(indenyl)- 
6 dimethylzirconium and 0.01 mmol of triethylammonium tetrakis(pentafluorophenyl)borate were added to the 
reaction vessel to initiate the polymerization. After the polymerization was carried out at 50*^C for 1 hour, the 
polymerization was terminated by addition of methanol. The reaction product was recovered by filtration, 
and dried to obtain 2.1 g of a copolymer. 

The polymerization activity was 2.3 Kg/gZr (210 Kg/mol-Zr). The obtained product had an intrinsic 
70 viscosity of 1 .40 dl/g and a norbornene content of 10 mol%. 

Example 13 

To a 500 ml glass flask, 200 ml of dried toluene, 21 mmol of norbornene. 0.2 mmol of 
75 triisobutylaluminum, 0.01 mmol of ethylenebis{indenyl)dimethyl2irconium. and 0.01 mmol of triethylam- 
monium tetrakis(pentafluordphenyl)borate were charged and kept at 50*C for 10 minutes. Thereafter, the 
polymerization was carried out for 1 hour while introducing ethylene gas. The polymerization was 
tenminated by addition of methanol. The obtained copolymer was recovered by filtration, and dried to obtain 
6.3 g of a solid product. 

20 The polymerization activity was 6.9 Kg/gZr (630 Kg/mol-2r). The obtained product had an intrinsic 
viscosity of 2.15 dl/g and a norbornene content of 8 mol%. 

Example 14 

25 To a 500 ml glass vessel, 200 ml of dried toluene and 25 mmol of norbornene were charged and 
ethylene gas was purged at 50°C for 10 minutes. Thereafter. 0.05 mmol of dimethylsilylenebis- 
(cyclopentadienyl)dimethyl2irconium, and 0.05 mmol of triethylammonium tetrakis(pentafluorophenyl)borate 
were added to the reaction vessel to initiate the polymerization. After the polymerization was carried out at 
50**C for 1 hour, the polymerization was terminated by addition of methanol. The reaction product was 

30 recovered by filtration, and dried to obtain 4.0 g of a copolymer. 

The polymerization activity was 0.88 Kg/gZr (80 Kg/mol-Zr), The obtained product had an intrinsic 
viscosity of 1 .36 dl/g and a norbornene content of 38 mol%. 

Comparative Example 1 

35 

A glass vessel purged with argon, was charged with 100 ml of toluene, 25 mmol of cyclopentene. 0.2 
mmol of aluminoxane and 0.05 mmol of ethylenebis(indenyl)dichlorozirconlum. The reaction was carried out 
at 20°C for 1 hour, but a polymer was not obtained. 

40 Comparative Example 2 

To a 500 mi glass vessel, 200 ml of dried toluene and 21 mmol of norbornene were charged and 
ethylene gas was purged at 50°C for 10 minutes. Thereafter. 0.2 mmol of aluminoxane and 1.25 x 10"^ mol 
of bis(cyclopentadienyl)dichlorozirconium were added to the reaction vessel to initiate the polymerization. 
45 The polymerization was carried out at 20**C for 1 hour, but a polymer was not obtained. 

Comparative Example 3 

A 500 ml glass flask was charged with 200 ml of dried toluene and 21 mmol of norbornene. To the 
50 flask. 0.2 mmol of aluminoxane and 0.01 mmol of dimethylsilylenebis(cylcopentadienyl)dichloroziroconium 
were further added, and the reaction mixture was kept at 50°C for 10 minutes. Thereafter, the polymeriza- 
tion was carried out for 1 hour while introducing ethylene gas, but a polymer was not obtained. 

Example 15 

55 

(1) Synthesis of (Cp2Fe][B(C6F5)4 3 (in accordance with techniques described in Jolly. W, L. The Synthesis 
and Characterization of Inorganic Compounds; Prentice-Hall: Englewood Cliffs. NJ. 1970. P487): 
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IS 



20 



25 



30 



Ferrocene (3 7 g, 20.0 mn,ol) was reacted with 40 ml of concer,trated suHuric acid .j^^ f -P^J^^^^ 
.or oThrto obtL very dar. blue ^^^^^^^^^ 

agrtatior, to obtain slightly dark blue solution, ^he obtained sc^ut^on w^ aa^^^ described in J. 

n V'cir^'a <K lisrTrrgm r icS^t: w^t^n^b^T;^^^^^^^^^ and then washed w»h 
SrrofwatiTeln^e^^T^^^^^^^^ product was dried underreduced pressure to obtain 14.7 g 

(17 rloj Of Ihe 4rget product, [ferrocenium tetralds(pentafluorophenyl)borate. 

(2) Polymerization: 

crystallization degree of 8%. 
Example 16 

crystallization degree of 6%. 
Example 17 

35 crystallization degree of 7%. 
Example 18 

"^The^Sned copolymer had a norbornene content of 7 mol%; an intrinsic viscosity o. 1.54 d.g: and a 

crystallization degree of 8%. 



Example 19 



A 1 litter autoclave was charged with 400 rn. o. dried toluen. 0^4 mmoj^o, 
n,mol of l.r-dimethylferrocenium tetrakMpentafluorophenyl)^^^^^^^ 

"''^he Obtained copolymer had a norbornene content o, 7 mol%: an intrinsic viscosity o, 1.69 dUg; and a 
crystallization degree of 7%. 

Example 20 

-me procedures of Example 16 were repeated except that the amount of norbornene added was 
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changed to 250 mmol. and the polymerization temperature was changed to 70°C. As a result. 105 g of a 
copolymer were obtained. The polymerization activity was 38 Kg/gZr. 

The obtained copolymer had a norbornene content of 5 mol%; an intrinsic viscosity of 2.15 dl/g; and a 
crystallization degree of 8%. 

Example 21 

The procedures of Example 20 were repeated except that the amount of norbornene added was 
changed to 350 mmol. As a result. 63 g of a copolymer were obtained. The polymerization activity was 23 
Kg/gZr. 

The obtained copolymer had a norbornene content of 10 mol%; an intrinsic viscosity of 1.89 dl/g: and a 
crystallization degree of 5%. 

Example 22 

The procedures of Example 16 were repeated except that bis(pentamethylcyclopentadienyl)- 
dimethy {zirconium was used instead of bis(cyclopentadienyl)dimethylzirconium, and the polymerization time 
was changed to 4 hours. As a result, 85 g of a copolymer were obtained. The polymerization activity was 31 
Kg/gZr: 

The obtained copolymer had a norijomene content of 4 mol%; an intrinsic viscosity of 2.32 dl/g; and a 
crystallization degree of 9%. 

Example 23 

The procedures of Example 16 were repeated except that bis(cyclopentadienyl)dimethylhafnium was 
used instead of bis(cyclopentadienyl)dimethylzirconium. As a result. 53 g of a copolymer were obtained. 
The polymerization activity was 10 Kg/gZr. 

The obtained copolymer had a norbornene content of 7 mol%; an intrinsic viscosity of 1.77 dl/g; and a 
crystallization degree of 7%. 

Example 24 

The procedures of Example 16 were repeated except that bis(cyclopentadienyl)dibenzylzirconium was 
used instead of bis(cyclopentadienyl)dimethylzirconium. As a result. 74 g of a copolymer were obtained. 
The polymerization activity wa 27 Kg/gZr. 

The obtained copolymer had a noritximene content of 6 mol%; an intrinsic viscosity of 1.85 dl/g; and a 
crystallization degree of 8%. 

Example 25 

The procedures of Example 22 were repeated except that dimethylsilylenebis(cyclopentadienyl)- 
dimethylzirconium was used instead of bis(pentamethylcyclopentadienyl)dimethylzirconium. As a result. 39 
g of a copolymer were obtained. The polymerization activity was 14 Kg/gZr. 

The obtained copolymer had a norbornene content of 72 mol%; an intrinsic viscosity of 2.11 dl/g; and a 
crystallization degree of 0%. 

Comparative Example 4 

The procedures of Example 15 were repeated except that ferrocenium tetrakis(pentafIuorophenyl)borate 
was not used. As a result, a polymer was not obtained. 

Comparative Example 5 • 

The procedures of Example 15 were repeated except that bis(cyclopentadienyl)dimethylzirconium was 
not used. As a result, a polymer was not obtained. 

Example 26 
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Th« orocedures of Example 16 were repeated except that bis(cycloperitadier,yl)dirnethoxyzirconiurn 
used^nsfeTi S(Sen^^^^^^ As a resuK. 46 g of a copolymer were obta.r«d. 

''rJ:'::^:::^^:^^'^'^'^-- oo.... of 7 ^0.%= an mtHoslc viscosity Of 2.74 d.g: and a 
5 crystallization degree of 6%. 

Exampie 27 

75 crystallization degree of 5%. 
Example 28 

The procedures of Example 24 were repeated except that ^^^^vc'o^'adienyl^^^^^ 
«, ferrocenium tetrakls(pentafluorophenyl)borate were used .n an 7°""* °' 2 JlT '^^^ 

crystallization degree of 6%. 
26 Example 29 

H M Evamole 27 were repeated except that bis(cyclopentadienyl)- 

crystallization degree of 5%. 
Example 30 

The procedures of Example 16 were repeated exce^ f ^J^^t'f^SC-^^^^^ 
used instead of bis(cyclopentadienyl)dimethyte.rconium. As a result. 68 g of a copolymer we 

-ntent Of 7 mol%; an IntHnsic viscosity of 2.22 dl/g: and a 

crystallization degree of 6%. 

40 

Example 31 

The procedures of Example 22 were '-^^-'^ ZTZr^T^I^Z^^^ T^r^'.'^ 
(pentamethylcyclopentadienyl)dimethylzirconium. As a resuH. 50 g of a copolymer were 

45 polymerization activity was 18 Kg/gZr. , r „„io/ .«„ intrinsic viscosity of 2.50 dl/g; and a 

The obtained copolymer had a norlxjmene content of 6 moi%. an intrinsic viscosity or -:.ou a. 

crystallization degree of 8%. 
Example 32 

" The procedures of Example 16 were -Peated -ept^^^ ZT:^^T:T:"Z^' ^^^^ 
used instead of ferrocenium tetrakis(pentafluorophenyl)borate. As a result. 4o g qt y 

55 crystallization degree of 6%. 
Example 33 



30 



36 
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The procedures of Example 16 were repeated except that 100 mmol of 1 ,4.5,8-dimethano- 
1,2,3,4,4a,5,8,8a-octahydronaphthalene was used instead of norbornene. As a result. 35 g of a copolymer 
were obtained. The polymerization activity was 13 Kg/gZr. 

The obtained copolymer had a cyclic olefin content of 5 mol%; an intrinsic viscosity of 1.57 dl/g; and a 
crystallization degree of 9%. 

Example 34 

The procedures of Example 33 were repeated except that dimethylsilylenebis(cyclopentadienyl)- 
dimethylzirconium was used instead of bis(cyclopentadienyl)dimethylzirconium. and the polymerization time 
was chagnged to 4 hours. As a result, 14 g of a copolymer were obtained. The polymerization activity was 5 
Kg/gZr. 

The obtained copolymer had a cyclic olefin content of 39 mol%; an intrinsic viscosity of 1.61 dl/g: and a 
crystallization degree of 0%. 

Example 35 

A 1 litter autoclave was charged with 400 ml of dried toluene. 0.6 mmol of triisobutylaluminum. 0.03 
mmol of ferrocenium tetrakis(pentafluorophenyl)borate, 0.03 mmol of bis(cyclopentadienyl)- 
dimethylzirconium and 230 mmol of norbornene. Then, propylene was introduced into the autoclave to keep 
a propylene pressure of 2 Kg/cm^, and the polymerization was carried out at 50°C for 1 hour while ethylene 
was continuously introduced so as to keep a total pressure to 5 Kg/cm^. As a result. 41 g of a copolymer 
were obtained. The polymerization activity was 15 Kg/gZr. 

The obtained copolymer had a norbornene content of 7 mol%; an intrinsic viscosity of 1.47 dl/g; and a 
crystallization degree of 0%. 

Example 36 

A 1 litter autoclave was charged with 400 ml of dried toluene, 0.6 mmol of triisobutylaluminum. and 0,05 
mmol of bis(cyclopentadienyl)dichlorozirconium. After agitation, 0.01 mmol of benzyl(4-cyano)pyridinium 
tetrakis(pentafluorophenyl)borate and 200 mmol of norbornene were added. Then, the polymerization was 
carried out at 90°C at an ethylene pressure of 9 Kg/cm^ for 0.5 hours, to obtain 33 g of a copolymer. The 
polymerization activity was 72 Kg/gZr. 

The obtained copolymer had a norbomene content of 6 mol%; and an intrinsic viscosity of 2.01 dl/g. 

Example 37 

The procedures of Example 36 were repeated except that methyl(2-cyano)pyridinium tetrakis- 
(pentafluorophenyl)borate was used instead of benzyl(4-cyano)pyridinium tetrakis(pentafluorophenyl)borate. 
As a result. 15 g of a copolymer were obtained. The polymerization activity was 33 Kg/gZr. 

The obtained copolymer had a norbomene content of 5 mol%; and an Intrinsic viscosity of 2.34 dl/g. 

Example 38 

The procedures of Example 36 were repeated except that tetraphenylporphyrin manganese tetrakis- 
(pentafluorophenyl)borate was used instead of benzyl(4-cyano)pyridinium tetrakis(pentafluorophenyl)borate. 
As a result. 58 g of a copolymer were obtained. The polymerization activity was 127 Kg/gZr. 

The obtained copolymer had a norbornene content of 6 mol%; and an intrinsic viscosity of 1.95 dl/g. 

Example 39 

A 1 litter autoclave was charged with 400 ml of dried hexane. Then, a catalyst solution prepared by pre- 
mixing 10 ml of toluene. 0.6 mmol of triisobutylaluminum, and 0.06 mmol of bis(cyclopentadienyl)- 
dichlorozirconium and 0.006 mmol of dimethylanilinium tetrakis(pentafluorophenyl)borate was added to the 
aoutoclave. After agitation. 200 mmol of norbornene was added. Then, the polymerization was carried out at 
90°C at an ethylene pressure of 9 Kg/cm^ for 0.4 hours, to obtain 10 g of a copolymer. The polymerization 
activity was 18 Kg/gZr. 

The obtained copolymer had a norbomene content of 16 mol%; and an intrinsic viscosity of 0.42 dl/g. 
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Example 40 

The procedures of Example 39 were repeated except that a mixed solvent of 200 ml of hexane and 200 
ml of toluene was used instead of 400 ml of dried hexane. As a result. 59 g of a copolymer were obtained. 

s The polymerization activity was 108 Kg/gZr. ^ , * ia mi,. 

The obtained copolymer had a norbomene content of 4.2 mol%; and an intnnsic viscosity of 1.14 dl/g. 

Example 41 

The procedures of Example 39 were repeated except that dried cyclohexane was used instead of dried 
hexane and bis(cyclopentadienyl)dichloro2irconium and dimethylaniiinium tetral<is(pentafluorophenyl)borate 
were used in an amount of 0.03 mmol. respectively. As a result. 67 g of a copolymer were obtained. The 

polymerization activity was 24 Kg/gZr. .... . „ ^ h oc hi/o 

The obtained copolymer had a norbomene content of 7S> mol%: and an intrinsic viscosity of 1 .26 dl/g. 

Example 42 

The procedures of Example 16 were repeated except that trimethylaluminum. bis(cyclopentadienyl)- 
dichlorozirconium and dimethylaniiinium tetrakis(pentafluorophenyl)borate were used insead of 
triisobutylaluminum. bis(cyclopentadienyl)dimethylzirconium and ferrocenium tetrak,s(pentafluoropheny )- 
borate, respectively. As a result 33 g of a copolymer were obtained. The polymerization activity was 12 

"^^^le obtained copolymer had a norbomene content of 10 mol%: and an intrinsic viscosity of 2.00 dl/g. 
25 Example 43 

The procedures of Example 42 were repeated except that triethylaluminum was used instead of 
trimethylaluminum. As a result. 17 g of a copolymer were obtained. The polymerization activity was 6.2 

"^^-nle obtained copolymer had a norbomene content of 10 mol%; and an intrinsic viscosity of 1.92 dl/g. 
Example 44 

A 1 litter autoclave was charged with 400 ml of dried toluene. 0.4 mmol of triisobutylaluminum. and 
0 003 mmol of bis(cyclopentadienyl)dichlorozirconium. After agitation. 0.006 mmol of methyldiphenylam- 
monium tetrakis(pentafluorophenyl)borate and 260 mmol of norbomene were added. Then, the Po'y"'^"^^- 
tlon was carried out at 90°C at an ethylene pressure of 6 Kg/cm^ for 0.5 hours, to obtain 57 g of a 

copolymer. The polymerization activity was 208 Kg/gZr. ^ . i, hi/o 

The obtained copolymer had a norbomene content of 7.9 mol%: and an intrinsic viscosity of 1.13 dl/g. 

Example 45 

The procedures of Example 42 were repeated except that methylaluminoxane was used instead of 
Ulmethylaluminum. As a result. 53 g of a copolymer were obtained. The polymerization activity was 19 

"^^-nle obtained copolymer had a norbomene content of 8 mol%; and an intrinsic viscosity of 1 .83 dl/g. 
Example 46 
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A 1 litter autoclave was charged with 400 ml of dried toluene. 0.6 mmol of triisobutylaluminurn. and 
0 002 mmol of bis(cyclopentadienyl)dihydridezirconium. After agitation. 0.004 mmol of dimethylaniiinium 
tetrakis(pentafluorophenyl)borate and 200 mmol of norbomene were added. Then, the polymerization |jras 
carried out at OO-C at an ethylene pressure of 7 Kg/cm^ for 0.5 hours, to obtain 48 g of a copolymer. The 
polymerization activity was 263 Kg/gZr. .... . mi,. 

The obtained copolymer had a norbomene content of 4.7 mol%: and an intrinsic viscosity of 1.46 dl/g. 

Example 47 
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The procedures of Example 42 were repeated except that triisobutylaluminum was used instead of 
trimethylaluminum, and bis(cyclopentadienyl)dimethyltltanium was used instead of bis(cyclopentadlenyl)- 
dichlorozlrconlum. As a result. 31 g of a copolymer were obtained. The polymerization activity was 22 
Kg/gTi. 

The obtained copolymer had a norbornene content of 3.6 mol%; and an intrinsic viscosity of 1.83 di/g. 
Example 48 

The procedures of Example 42 were repeated except that triisobutylaluminum was used instead of 
trimethylaluminum, and 5-methylnorbornene was used instead of norbornene. As a result, 38 g of a 
copolymer were obtained. The polymerization activity was 14 Kg/gZr. 

The obtained copolymer had a cyclic olefin content of 7 mol%; and an intrinsic viscosity of 1 .97 dl/g. 

Example 49 

The procedures of Example 48 were repeatisd except that 5-benzy I norbornene was used instead of 5- 
methylnorbornene. As a result, 13 g of a copolymer were obtained. The polymerization activity was 4.8 
Kg/gZr. 

The obtained copolymer had a cyclic olefin content of 11 mol%; and an intrinsic viscosity of 2.15 dl/g. 
Example 50 

The procedures of Example 42 were repeated except that triisobutylaluminum was used instead of 
trimethylaluminum. and propylene was used instead of ethylene. As a result, 17 g of a copolymer were 
obtained. The polymerization activity was 6.2 Kg/gZr. 

The obtained copolymer had a norbornene content of 6.4 moI%; and an intrinsic viscosity of 0.62 dl/g. 

Example 51 

A 1 litter autoclave was charged with 400 ml of dried toluene, 0.6 mmol of triisobutylaluminum, and 
0.006 mmol of bis(cyclopentadienyl)dichlorozirconium. After agitation, 0.006 mmol of dimethylanilinium 
tetrakis(pentafluorophenyl)borate and 200 mmol of norbornene were added. Then, the polymerization was 
carried out at 70°C at an ethylene pressure of 9.5 Kg/cm^ for 0.5 hours, to obtain 53 g of a copolymer. The 
polymerization activity was 97 Kg/gZr. 

The obtained copolymer had a norbomene content of 5 mol%; and an intrinsic viscosity of 1 .43 dl/g. 

Example 52 

The procedures of Example 51 were repeated except that dimethylanilinium tetrakis(pentafluorophenyl)- 
borate was used in an amount of 0.012 mmol. As a result 97 g of a copolymer were obtained. The 
polymerization activity was 177 Kg/gZr. 

The obtained copolymer had a norl>ornene content of 5 mol%; and an intrinsic viscosity of 1.45 dl/g. 

Example 53 

The procedures of Example 51 were repeated except that triisobutylaluminum was used in an amount 
of 1.8 mmol. As a result, 78 g of a copolymer were obtained. The polymerization activity was 143 Kg/gZr. 
The obtained copolymer had a norbomene content of 4 mol%; and an intrinsic viscosity of 1.67 dl/g. 

Example 54 

The procedures of Example 39 were repeated except that dimethylanilinium tetrakis(pentafluorophenyl)- 
borate was used in an amount of 0.012 mmol, and the polymerization was carried out at an ethylene 
pressure of 30 g/cm^ for 10 minutes. As a result, 78 g of a copolymer were obtained. The polymerization 
activity was 143 Kg/gZr. 

The obtained copolymer had a norbornene content of 3 mol%; and an intrinsic viscosity of 1.39 dl/g. 
Example 55 
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The procedures of Example 54 were repeated except that the polymerization temperature was changed 
to 130°C. As a result, 12 g of a copolymer were obtained. The polymerization activity was 22 Kg/gZr. 
The obtained copolymer had a norbornene content of 4 mol%; and an intrinsic viscosity of 1.65 dl/g. 

5 Example 56 

(1) Preparation of Catalyst Solution 

A 2 litter glass vessel was charged with 500 ml of dried toluene. 10 mmol of trilsobutylaluminum. 0.2 
10 mmol of bis(cyclopentadienyl)dichlorozirconium and 0.3 mmol of dimethylanilinium tetrakis- 
(pentafluorophenyl)borate. to obtain a catalyst solution. 

(2) Continuous Polymerization 

76 A 2 litter autoclave for continuous polymerization, was charged with 1 litter of dried toluene, 90 ml of the 
catalyst solution prepared in Step (1) above and 360 mmol of norbornene. The polymerization was carried 
out at 90°C at an ethylene pressure of 5 Kg/cm^ for 0.5 hours. Thereafter, toluene, the catlyst solution and 
norbornene were supplied to the autoclave at a rate of 1 litter/hour, 90 ml/hour and 360 mmol/hour, 
respectively while the polymer solution was continuously taken out so as to keep the amount of the reaction 

20 mixture in the autocalve to 1 litter. Further, ethylene was also continuously supplied to the autoclave so as 
to keep the ethylene partial pressure to 5 Kg/cm2 and the polymerization temperature was kept at 90°C. As 
a result, a copolymer was obtained at a production rate of 158 g/hours. The polymerization activity was 48 
Kg/gZr. 

The obtained copolymer had a norbornene content of 5 mol%: and an intrinsic viscosity of 1 .64 dl/g. 

25 

Example 57 

A 500 ml flask was charged with 150 ml of dried toluene. 5 mmol of triisobutylaluminum. and 0.025 
mmol of b}s(cyclopentadienyl)dichlorozirconium. After agitation, 0.025 mmol of dimethylanilinium tetrakis- 
30 (pentafluorophenyl)borate and 50 mmol of norbornadiene were added. Then, the polymerization was carried 
out at 25*»C for 3 hours while introducing ethylene at a rale of 30 1/hour, to obtain 0.35 g of a copolymer. 
The polymerization activity of 0.15 Kg/gZr. 

The obtained copolymer had a norbornene content of 45 mol%; and an intrinsic viscosity of 0.21 dl/g. 

05 Example 58 

The procedures of Example 50 were repeated except that ethylenebis(indenyl)dichlorozirconlum was 
used instead of bis(cyclopentadienyl)dichlorozirconium. As a result, 23 g of a copolymer were obtained. The 
polymerization activity was 8 Kg/gZr. 
40 The obtained copolymer had a norbornene content of 7 mol%; and an intrinsic viscosity of 0.76 dl/g. 

Example 59 

The procedures of Example 50 were repeated except that isopropyl(cyclopentadienyl)(9-fluorenyl)- 
45 dichlorozirconium was used instead of bis(cyclopentadienyl)dichlorozirconium. As a result. 21 g of a 
copolymer were obtained. The polymerization activity was 8 Kg/gZr. 

The obtained copolymer had a norbornene content of 6.8 mol%: and an intrinsic viscosity of 0.54 dl/g. 

Example 60 

50 

A 1 litter autoclave was charged with 400 ml of dried toluene, 0.6 mmol of triisobutylaluminum, and 
0.003 mmol of bis(cyclopentadienyl)dichlorozirconium. After agitation, 0.006 mmol of dimethylanilinium 
tetrakis(pentafluorophenyl)borate and 400 mmol of norbornene were added. Then, the polymerization was 
carried out at 90°C at an ethylene pressure of 6 Kg/cm^ and a hydrogen pressure of 2 Kg/cm^ for 0.5 hours, 
55 to obtain 8 g of a copolymer. The polymerization activity was 29 Kg/gZr. 

The obtained copolymer had a norbornene content of 7 mol%; and an intrinsic viscosity of 0.06 dl/g. 

Example 61 
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The procedures of Example 16 were repeated except that (cyclopentadienyl)trichIoro2irconium was 
used instead of bis(cyclopentadienyl)dimethylzirconium. and dimethylanillnunn tetakis(pentafluorophenyl)- 
borate was used instead of ferroceniunn tetrakis{pentafluorophenyl)borate. As a result. 66 g of a copolymer 
were obtained. The polymerization activity was 24 Kg/gZr. 

The obtained copolymer had a norbornene content of 8 mol%; and an intrinsic viscosity of 2.34 dl/g. 

Example 62 

The procedures of Example 61 were repeated except that (pentamethylcyclopentadienyl)- 
trichlorozirconium was used instead of (cyclopentadienyl)trichlorozirconium. As a result. 68 g of a 
copolymer were obtained. The polymerization activity was 25 Kg/gZr. 

The obtained copolymer had a norbornene content of 6 mol%; and an intrinsic viscosity of 2.51 dl/g. 

Example 63 

The procedures of Example 61 were repeated except that (pentamethylcyclopentadienyl)- 
trimethylzirconium was used instead of (cyclopentadlenyl)trichlorozirconium. As a result, 71 g of a 
copolymer were obtained. The polymerization activity was 26 Kg/gZr. 

The obtained copolymer had a norbornene content of 7 mol%; and an intrinsic viscosity of 2.47 dl/g. 

Example 64 

The procedures of Example 61 were repeated except that (pentamethylcyclopentadienyl)- 
trimethoxyozirconium was used instead of (cyclopentadienyl)trichlorozirconium. As a result, 65 g of a 
copolymer were obtained. The polymerization activity was 24 Kg/gZr. 

The obtained copolymer had a norbornene content of 6.5 mol%; and an intrinsic viscosity of 2.68 dl/g. 

Example 65 

The procedures of Example 46 were repeated except that 0.002 mmol of tetrabenzylzirconium was 
used instead of bis(cyclopentadienyl)dihydridezirconium. As a result, 62.7 g of a copolymer were obtained. 
The polymerization activity was 344 Kg/gZr. 

The obtained copolymer had a norbornene content of 6.5 moi%; and an intrinsic viscosity of 1.76 dl/g. 

Example 66 

The procedures of Example 65 were repeated except that 0.002 mmol of tetrabutoxyzirconlum was 
used instead of tetrabenzylzirconium. As a result, 37.1 g of a copolymer were obtained. The polymerization 
activity was 203 Kg/gZr. 

The obtained copolymer had a norbornene content of 5.5 mol%: and an intrinsic viscosity of 1.89 dl/g. 
Example 67 

The procedures of Example 65 were repeated except that 0.002 mmol of tetrachlorozirconium was used 
instead of tetrabenzylzirconium. As a result, 69.1 g of a copolymer were obtained. The polymerization 
activity was 379 Kg/gZr. 

The obtained copolymer had a norbornene content of 5.5 mol%: and an intrinsic viscosity of 1.71 dl/g. 
Example 68 

The procedures of Example 51 were repeated except that bis(cyclopentadienyl)dimethylzirconium was 
used instead of bis(cyclopentadienyl)dichlorozirconium, and tris(pentafluorophenyl)boron was used Instead 
of dimethylanilinum tetakis(pentaf!uorophenyl)borate. As a result, 12 g of a copolymer were obtained. The 
polymerization activity was 22 Kg/gZr. 

The obtained copolymer had a norbornene content of 8 mol%; and an intrinsic viscosity of 1 .64 dl/g. 

Example 69 
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A 1000 ml glass autoclave was charged with 500 ml of dried toluene. 10 mmol of triisobutylaluminum. 
0.25 mmol of bis(cyclopentadienyl)dlchlorozirconium and 0.25 mmol of dimethylan.linum tetrakis- 
tt>entafluorophenyl)borante. After agitation. 1 mol of norbornadiene was added. Then the PO^im.enz^.on 
was carried out at 20»C for 4 hours, to obtain 2.76 g of a copolymer. The polymerization activity was 0.12 

' "^^ The obtained copolymer had a molecular weight (Mw) of 1.700 and a molecular weight distribution 
(Mw/Mn) of 2.83. 

Comparative Example 6 

A 1 litter autoclave, under nitrogen atmosphere was charged with 400 ml of toluene. 8 mmol of 
ethylalumlnumsesquichloride {AI(C2Hs),.5CI,.5). 0.8 mmol of V0(0CaHs)Cl2 and 130 mmol of norbomene. 
TwZ^on m Jre was heated to 400C and the reaction was carried out for 60 minutes while continuously 
introducing ethylene so as to keep the ethylene partial pressure to 3 Kg/cm^. As a result, the yeild was 6.16 

js q. The polymerization activity was 0.15 Kg/gZr. .lon^w^ 

The obtained copolymer had a norbornene content of 12 mol%: and an intnnsic viscosity of 1 .20 dl/g. 
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Example 70 

The procedures of Example 34 were repeated except that the ethylene pressure was changed to 4 
Kg/cm^ and the polymerization temperature was changed to 70°C. As a result. 17 g of a copolymer were 
obtained. The polymerization activity was 6.2 Kg/gZr. . ^ j,-. 

The obtained copolymer had a norbomene content of 57 mol%; and an intrinsic viscosity of 1.47 dl/g. 

26 Example 71 

<1) Preparation of Triethylammonium Tetrakis{pentafluorophenyl)borale: 

Triethylammonium tetrakis(pentafluorophenyl)borate was prepared in the same manner as in Example 1. 

(2) Preparation of Catalyst: 

One milimol of (cyclopentadienyl)trimethyltitanium was reacted with 1 mmol of triethylammoniurn 
tetrakis(pentafluorophenyl)borate in 50 ml of toluene at room temperature for 4 

removed, the obtained solid product was washed with 20 ml of petroleum ether, dried and dissolved in 50 
ml of toluene to obtain a catalyst solution. 

(3) Polymerization: 

A 100 ml flask was charged with 25 mmol of norbornadiene. 0.05 mmol of the catalyst (as transition 
metal component), and 25 ml of toluene. Then, the reaction was earned out at 20°C for ^ hours_The 
reaction product was placed into methanol and the precipitated white solid product was recovered by 
filtration. Then, the obtained product was washed with methanol and dried. The yIeW was 0.41 g_ 

The obtained product had a polymerization activity of 170 g/gTi. and a molecular ««'9ht o^JO^SOO- « 
was found that the obtained product was soluble to conventional solvents such as toluene, chlorofomi and 

*®*Tw^ ateS found by infrared spectrophotometry that the obtained product showed strong ab^rption at 
800cm-' which is derived from the following structural unit (A). It was also found by 'H-NMR that the 
obtained product showed absorption derived from a carbon-carbon double bond at 6.2 ppm. ^id not 
show absorption derived from a carbon-carbon double bond contained in a polymer mam chain at 5.3 ppm. 
Accordingly, it was confirmed that the obtained product had the folkwing structural units: 
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(A) (B) 
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Example 72 

76 In a 100 ml flask, 25 mmol of norbornadiene, 0.005 mmol of (cyc!op8ntadienyl)tribenzyltltanlum, and 
0.005 mmol of triethylammonium tetrakis(pentafliiorophenyl)borate were reacted in 50 ml of toluene at 20°C 
for 4 hours. Thereafter, the reaction mixture was placed into 100 ml of methanol and the precipitated white 
solid product was recovered by filtration. Then, the obtained product was washed with 50 ml of methanol, 
and dried under reduced pressure to obtain 0.27 g of white powders. The polymerization activity was 1.1 

20 Kg/gTi. 

The obtained product had a molecular weight (Mw) of 42,000. 
Example 73 

25 In a 100 ml flask. 25 mmol of norbornadiene, 0.005 mmol of (cyclopentadienyOtrimethyltitanium, 0.005 
mmol of triethylammonium tetrakis(pentafluorophenyl)borate and 0.1 mmol of triisobutylaluminum, were 
reacted in 50 ml of toluene. After agitation at 20°C for 4 hours, the reaction mixture was placed into 100 ml 
of methanol. A white solid product was precipitated, recovered by filtration, and theri dried to obtain 0.92 g 
of a solid product The polymerization activity was 3.81 Kg/gTi. 

30 The obtained product had a molecular weight (Ww) of 61 .000. 

Example 74 

In a 100 ml flask. 25 mmol of norbornadiene, 0.005 mmol of (pentamethylcyclopentadienyl)- 
35 trimethyltitanium, 0.005 mmol of triethylammonium tetrakis(pentaftuorophenyi)borate and 0.1 mmol of 
triisobutylaluminum, were reacted in 50 ml of toluene. After agitation at 20^*0 for 4 hours, the reaction 
mixture was placed into 100 rx\\ of methanol. A white solid product was precipitated, recovered by filtration, 
and then dried to obtain 0.45 g of a solid product. 

The polymerization activity of 1 .9 Kg/gTi. 

40 

Comparative Example 7 

In a 100 ml flask, 25 mmol of norbornadiene, 0.005 mmol of (cyclopentadienyl)trimethyltitanium and 
0.005 mmol of aluminoxane were reacted in 50 ml of toluene at 2(3^0 for 4 hours, but a polymer was not 
45 obtained. 

Example 75 

(1) Preparation of Triethylammonium Tetrakis(pentafluorophenyl)borate: 

50 

In the same manrter as in Example 1, 12.8 mol of triethylammonium tetrakis(pentafluorophenyl)borate 
was prepared, and dissolved in 1280 ml of toluene to obtain a catalyst solutiori. 

(2) Preparation of Dimethylsilylenebis(cyclopentadienyl) dichlorozlrconium: 

55 

Dicyclopentadienyldimethylsilane (1.73 g; 9.19 mmol) was dissolved In 50 ml of dehydrated 
tetrahydrofuran. To the obtained solution, 12.0 ml (18.6 mmol) of a butyllithium/hexane solution (1.55 mol/l) 
was added dropwise at -75*'C over a period of 1 hour. After agitation for 30 minutes, the reaction mixture 
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was heated to 0°C. To the obtained reaction mixture. 50 ml of dehydrated tetrahydrofuran containing 2.14 g 
(9.18 mmol) of zirconium tetrachloride dissolved therein, was added dropwise over a period of 1 hour. Then, 
the reaction mixture was stirred at room temperature over night. After the reaction mixture was heated to 
50°C for 2 hours, the solvent was removed to obtain a solid product. The obtained solid product was 
5 washed with a small amount of cooled pentane. Further, the solid product was subjected to a methylene 
chloride extraction and recrystallization by concentration to obtain 2.20 g (6.31 mmol) of dimethylsilylenebis 
cyclopentadlenyl)dichlorozirconium (Reference: Inorg.. Chem.. Vol. 24. Page 2539 (1985)). 
The obtained product was suspended in 631 ml of toluene to obtain a catalyst solution. 

70 (3) Copolymerization of Norbomene and Ethylene: 

A 500 ml glass autoclave purged with nitrogen, was charged with 200 ml of toluene and 1.0 mmol of 
triisobutylaluminum. Further. 10 micromol of dimethylsilylenebis(cyclopentadienyl)dichlorozirconium ob- 
tained in Step (2) above and 10 micromol of triethylammonium tetrakis(pentafluorophenyl)borate obtained In 

75 Step (1) above were added to the reaction mixture. Then. 22 mmol of norbornene was added. After the 
reaction mixture was heated to SO'C, the polymerization was carried out at normal pressure for 1 hour while 
Introducing ethylene gas at a rate of 40 1/hr. The polymerization was proceeded In a uniform solution state. 
After completion of the reaction, the reaction solution was placed into 1 litter of HCI acidic methanol to 
precipitate a polymer. After, the catalyst components were removed by decomposition, the product was 

20 washed and dried to obtain 1.47 g of a copolymer. The polymerization activity was 1.6 Kg/gZr. 

The obtained copolymer had a norbornene content of 68 mol%; an intrinsic viscosity of 0.3 dl/g; a glass 
transition temperature (Tg) of 182°C: and a softening point (TMA) of 175°C. A sheet made of the copolymer 
had an all light transmittance of 94.0% and haze of 3.2%. 

25 Example 76 

The procedures of Example 75 were repeated except that the amount of norbornene used was changed 
to 44 mmol in Step (3). As a result, 1.64 g of a copolymer were obtained. The polymerization activity was 
1 .8 Kg/gZr. 

The obtained copolymer had a norbornene content of 74 mol%; an intrinsic viscosity of 0.49 dl/g: a 
glass transition temperature (Tg) of 199°C; and a softening point (TMA) of 190°C. A sheet made of the 
copolymer had an all light transmittance of 94.5% and haze of 3.0%. 
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Example 77 



The procedures of Example 75 were repeated except that the amount of norbornene used was changed 
to 33 mmol in Step (3). As a result. 2.44 g of a copolymer were obtained. The polymerization activity was 
2.7 Kg/gZr. 

The obtained copolymer had a norbornene content of 72 mol%: an Intrinsic viscosity of 0.50 dl/g: a 
40 glass transition temperature (Tg) of 193°C; a softening point (TMA) of 185^C: a tensile strength of 260 
Kg/cm2; an elongation of 1%; and a tensile modulus of 29,000 Kg/cm^. A sheet made of the copolymer had 
an all light transmittance of 93% and haze of 3%. 



Example 78 

45 

The procedures of Example 75 were repeated except that 10 micromol of bls(cyclopentadienyl)- 
dichlorozirconium was used instead of dimethylsilylenebis(cyclopentadienyl)dlchlorozlrconium in Step (3). 
As a result. 1.86 g of a copolymer were obtained. The polymerization activity was 2.0 Kg/gZr. 

The obtained copolymer had a norbomene content of 4 mol%: and an intrinsic viscosity of 0.76 dl/g. 
50 The glass transition temperature (Tg) could not be measured at room temperature or higher. 

Example 79 

(1) Preparation of Dimethylsilylenebis(indenyl)dichlorozlrconium: 



55 



The procedures of Step (2) of Example 75 were repeated to prepare 0.61 g (1.36 mmol) of 
dimethylsilylenebisfindenyl)dichlorozirconium. except that 2.65 g (9.2 mmol) of diindenyldimethylsilane was 
used instead of dicyclopentadienyldimethylsilane (Reference: Angew. Chem. Int. Ed. Engl.. Vol. 28, Page 
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1511 (1989)). 

The obtained product was suspened in 136 ml of toluene to prepare a catalyst solution. 
(2) Copolymerlzation of Norbornene/Ethylene: 

5 The procedures of Step (3) of Example 75 were repeated except that 10 micromol of dimethylsilylenebis- 
(ind8nyl)dichlorozirconium was used instead of dimethylsilylenebis(cyclopentadienyl)dichlorozirconium, and 
the amount of norbornene used was changed to 66 mmol. As a result, 3.38 g of a copolymer were obtained. 
The polymerization activity was 3.7 Kg/gZr. 

70 The obtained copolymer had a norbornene content of 67 mol%; an intrinsic viscosity of 1.4 dl/g; a glass 
transition temperature (Tg) of 176°C: and a softening point (TMA) of 16ff*C. A sheet made of the copolymer 
had an all light transmittance of 94.0% and haze of 3.1%. 

Example 80 

The procedures of Step (2) of Example 79 were repeated except that the amount of norbornene used 
was changed to 100 mmol. As a result, 2.88 g of a copolymer were obtained. The polymerization activity 
was 3.2 Kg/g2r. 

The obtained copolymer had a norbornene content of 72 mol%; an intrinsic viscosity of 1.2 dl/g: a glass 
20 transition temperature (Tg) of 205°C; and a softening point (TMA) of 195''C. 

Comparative Example 8 

The procedures of Step (3) of Example 75 were repeated except that 1.0 ml (1.0 mmol) of a toluene 
25 solution (1 mol/I) containing ethylaluminumsesquichloride (AI(C2H5)i.5Cli5) was used instead of 
triisobutylaluminum; 0.25 ml (0.25 mmol). of a toluene solution (1 mol/l) containing VO(OC2H5)Cl2 was used 
instead of dimethylsilylenebis(cyclopentadienyt)dichlorozirconium; triethylammonium tetrakis- 
(pentafluorophenyl)borate was not used; and the amount of norbornene used was changed to 100 mmol. As 
a result, 1.38 g of a copolymer were obtained. The polymerization activity was 0.11 Kg/gZr. 
30 The obtained copolymer had a norbornene content of 48 mol%; an intrinsic viscosity of 1.2 dl/g; a glass 
transition temperature (Tg) of 104°C; and a softening temperature (TMA) of 98°C. 

Example 81 

35_ .(1) Synthesis of Catalyst.Component (B): , . . 

The procedures of Example 15 were repeated to prepare ferrocenium tetrakis(pentafluorophenyl)borate. 

(2) Polymerization: 

40 

A 30 litter autoclave was charged with 8 litter of dried toluene, 12 ml of triisobutylaluminum. 0.6 mmol of 
ferrocenium tetrakis(pentafluorophenyl)borate as obtained in Step (1). 0.6 mmol of bis(cyclopentadienyl)- 
dimethylzirconium and 4 mol of norbornene. The polymerization was carried out at 5Cy*C, at an ethylene 
pressure of 5 Kg/cm^*G for 1 hour. After completion of the reaction, the polymer solution was placed in 15 
45 litter of methanol to precipitae a polymer. The polymer was recovered by filtaration to obtain 2.4 Kg of a 
copolymer. The polymerization conditions are as shown In Table 1. The polymerization activity was 44 
Kg/gZr. 

The obtained copolymer had a norbomene content of 6 mol%; an intrinsic viscosity of 2.10 dl/g; and a 
crystalline degree of 16%. 

50 It was found that the polymer obtained had a random structure since rt had low crystallization degree 
and good transparency. 

(3) Molding of Sheet: 

55 The copolymer obtained in Step (2) above was subjected to T-die molding using 20 mm extruder with a 
lip gap of 0.5 mm at a screw roation rate of 30 rpm at a lip temperature of 205®C, to prepare a sheet having 
a thickness of 0.2 mm. The results of measurment of optical properties, and physical properties such as 
modulus, an elastic recovery property are as shown in Table 2. 
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Examples 82 to 86 
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The similar procedures of Example 81 were repeated to prepare several copolymers with different 
norbornene content and 0.2 mm thick sheets therefrom. The polymerization conditions are as shown in 
Table 1 The results of evaluation of the sheets obtained in physical properties are as shown in Table 2. 

It was found that these copolymer obtained had a random structure since it had low crystallization 
degree and good transparency. 



Example 87 



Under the conditions as shown in Table 1. an ethylene/norbornene copolymer having an intrinsic 
viscosity of 1.69 dl/g and a norbornene content of 23.7 mol% was synthesized. The 0.2 mm thick sheet 
obtained from the copolymer was evaluated in an elastic recovery property. As a result, the sheet was torn 
before 150% elongation and the elastic recovery property could not be measured. The results of the 
physical property testing of the sheet obtained are as shown in Table 2. 

Comparative Example 9 

A 02 mm thick sheet was prepared from conventional high density polyethylene ('^^'^'J^^^^^^^^^ 
Manufactured by Idemitsu Petrochemical). The sheet obtained showed an elastic recovery of -50%. The 
results of the physical property measurement of the sheet obtained are as shown in Table 2. 

Comparative Example 10 

A 0 2 mm thick sheet was prepared from a conventional ethylene/alpha-olefin copolymer (MOATEC 
0168N- Manufactured by Idemitsu Petrochemical). The sheet obtained showed an elastic recovery of -15%. 
The results of the physical property measurement of the sheet obtained are as shown in Table 2. 
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Example 88 

(1) Preparation of Dimethylanilinium Tetrakis(pentafluorophenyl)borate: 

Pentafluorophenyllithium prepared from 152 mmol of bromopentafluorobenzene and 152 mmol of 
butyinthlum was reacted with 45 mmol of boron trichloride in hexane. to obtain tri{p©ntafluorophenyl)boron 
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as a white solid product. 

The obtained tris(pentafluoropheny!)boron (41 mmol) was reacted with an ether solution of pen- 
tafluorophenyllithiunn (41 mmol) in hexane, to isolate lithium tetrakis<pentafluorophenyl)borate as a white 
solid product. 

5 Thereafter, lithium tetrakis(pentafluorophenyl)borate (16 mmol) was reacted with dimethylaniline hy- 
drochloride (16 mmol) in water, to obtain 11.4 mmol of dimethylanilinium tetrakis(pentafluorophenyl)borate 
as a white solid product. 

It was confirmed by ^H-NMR and ^^C-NMR that the reaction product was the target product. 

JO (2) Copolymerization of Norbornene/Ethylene 

In a 1 litter autoclave, under nitrogen atmosphere at room temperature, 400 ml of toluene, 0.6 mmol of 
triisobutylaluminum (TIBA), 3 micromol of bis(cyclopentadienyl)dichlorozirconium. and 4 micromol of 
dimethylanilinium tetrakis(pentafluorophenyl)borate obtained in Step <1) above were chared in this oreder. 
75 Then, 400 mmol of norbomene was added. After the reaction mixture was heated to 90**C, the polymeriza- 
tion was carried out for 90 minutes while introducing ethylene gas so as to keep the ethylene partial 
pressue to 7 Kg/cm^. 

After completion of the reaction, the polymer solution was placed into 1 litter of methanol to precipitate 
a polymer. The polymer was recovered by filtration, and dried. 
20 The catalyst components, polymerization conditions and yield of the copolymer in this Example are as 
shown in Table 3. Further, the norbornene content, intrinsic viscosity, crystallization degree, glass transition 
temperature (Tg). weight average molecular weight (Mw). number average molecular weight (Mn), molecular 
weight distrubution (Mw/Mn) and melting point (Tm) of the copolymer obtained, are as shown in Table 4. 
In the copolymer obtained in Example 88, a broad melt peak was sheen at 75**C. The DSC chart Is as 
25 shown in Rg. 2. 

(3) Molding of Sheet: 

The copolymer obtained in Step (2) above was subjected to heat press molding at 190°C and at a 
30 pressure of 100 Kg/cm^, to obtain a 0.1 mm thick sheet. 

The tesile modulus, tensile breaking strength, tensile breaking elongation, elastic recovery, all light 
transmittance and haze were measured, and are as shown in Table 4. 

Comparatvie Example 1 1 

35 

(1) Copolymerization of Norbornene and Ethylene: 

A 1 litter autoclave, under nitrogen atmosphere, was charged with 400 ml of toluene. 8 mmol of 
ethylaluminumsesquichlorode (Al(C2H5)i^Cli^), 0.8 mmol of V0(0C2H5)Cl2 and 130 mmol of norbomene. 
40 After the reaction mixture was heated to 40**C. the polymerization was canied out for 180 minutes while 
continuously introducing ethylene so as to keep the ethylene partial pressue to 3 Kg/cm^. 

After completion of the reaction, the polymer solution was placed into 1 litter of methanol to precipitate 
a polymer. The polymer was recovered by filtration, and dried. 

45 (2) Molding of Sheet: 

The procedures of Step (3) of Example 88 were repeated using the copolymer obtained in Step (1) 
above. The results are as shown in Table 4. In the DSC measurement of the copolymer obtained in 
Comparative Example 11, a sharp melt peak was recognized at 100°C. The DSC chart is as shown in Rg. 3. 

50 

Example 89 

(1) Copolymerization of Ethylene and Nortx)rnene: 

55 The procedures of Step (2) of Example 88 were repeated except that ferrocenium tetrakis- 
(pentafluorophenyl)borate was used instead of dimethylanilinium tetrakis(pentafluorophenyi)borate. and the 
other conditions were changed as indicated in Table 3. 
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(2) Modling of Sheet: 

The procedures of Step (3) of Example 88 were repeated using the copolymer obtained in Step (1) 
above. The resusts are as shown in Table 4. 

5 

Examples 90 to 94 

(1) Preparation of Catalyst and 

70 (2) Copolymerization of Ethylene and Norbornene: 

The procedures of Example 88 were repeated except that catalyst «=7^P°"^";,^3^:*;,P^^^^^^ 
cor,ditions were changed as indicated ir, Table 3. to obtain copolyrr.ers. F.g. 4 shows a 3C-NMR char 
copolymer obtained in Example 91. 

75 

(2) Modling of Sheet: 

The procedures of Step (3) of Example 88 were repeated using the copolymers obtained in Step (2) 
above. The resusts are as shown in Table 4. 
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Ferrocenium tetrakis(pentafluorophenyl)borate was prepared in the same manner as in Example 15. 

(2) Copolymerization of Norbornene and Ethylene: 

5 In a 30 litter autoclave, in a nitrogen atmosphere at room temperature, 15 litter of toluene, 23 mmol of 
triisobutylaluminum (TIBA), 0.11 mmol of bis(cyclopentadienyl)dichloro2irconium. and 0.15 mmol of fer- 
rocenium tetrakis(pentafluorophenyl)borate obtained in Step (1) above, were chared in this oreder. Then, 
2.25 litters of a 70 wt.% toluene solution containing 15.0 mol of norbomene was added to the reaction 
mixture. After the reaction mixture was heated to 90°C, the polymerization was carried out for 110 minutes 

70 while continuously introducing ethylene so as to keep the ethylene partial pressue to 7 Kg/cm^. 

After completion of the reaction, the polymer solution was placed into 15 litters of methanol to 
precipitate a polymer. The polymer was recovered by filtration, and dried, to obtain a cyclic olefin based 
copolymer (a1 ). 

The yield of the cyclic olefin based copolymer (a1) was 3.48 Kg. The polymerization activity was 347 
75 Kg/gZr. 

The obtained cyclic olefin based copolymer (a1) had a norbornene content of 9.2 mol%: an intrinsic 
viscosity of 0.99 dl/g; a crystallization degree of 1.0%; a glass transition temperature (Tg) of 3^C; a weight 
average molecular weight (Mw) of 54,200; a number average molecular weight (Mn) of 28,500; a molecular 
20 weight distribution of 1 .91 ; and a melting point of 73°C (broad peak). 

Example 96 

To 100 parts by weight of a pulverized product of the cyclic olefin copolymer (a1) obtained In Example 
25 95, 1.05 parts by weight of diatomaceous earth as anti-blocking agent, 0.25 parts by weight of elucic acid 
amide as lubricant. 10.7 parts by weight of L-LDPE as alpha-olefin based polymer (0438N: Manufactured by 
Idemitsu Petrochemical; Ml = 4 g/IOmin.; D = 0.920 g/cm^). were added and mixed. The mixture was 
supplied to a 50 mm 0uniaxial extruder. The mixture was extruded by a circular die with a diameter of 100 
mm and a gap of 3 mm at 160**C, and then subjected to inflation molding to obtain a film having a thickness 
30 of 20 micrometers and a width of a folded portion of 340 mm. The extruding rate was 7 Kg/hr and the 
pulling rate was 8.0 m/mtn. The moldability was excellent. 

The physical properties such as tensile properties and elastic recovery property, and optical properteis 
of the film obtained were measured, and are as shown In Table 5. 

In addition, the measurement methods were completely the same through the following Examples. 

05 

Example 97 

The procedures of Example 95 were repeated except that In Step (2) of Example 95. the amount of bis- 
(cyclopentadieny])dichlorozirconium used was changed to 0.075 mmol and the amount of norbornene used 
40 was changed to 7.5 mol. to obtain a cyclic olefin copolymer (a2). 

The yield of the cyclic olefin copolymer (a2) was 2.93 Kg. The polymerization activity was 428 Kg/gZr. 
The obtained cyclic olefin copolymer (a2) had a norbornene content of 4.9 mol%; an intrinsic viscosity 
of 1 .22 dl/g; a glass transition temperature (Tg) of -7°C; a weight average molecular weight (Mw) of 72,400; 
a number average molecular weight (Mn) of 36,400; a molecular weight distribution of 1 .99; and a melting 
45 point (T m) of 84°C (broad-peak). 

Examples 98 to 104 

The procedures of Example 96 were repeated except that the kind of components and the amount of 
50 the components used were changed as indicated in Table 5. The results of the physical property 
measurement are also as shown in Table 5. 

Example 105 

55 The copolymer obtained in Step (2) of Example 95 were subjected to heat pressing at 190^0 at a 
pressue of 100 Kg/cm^, to obtain a sheet having a thickness of 0.1 mm. The results of the physical property 
measurement were as shown in Table 5. 
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Example 106 



To 100 parts by weight of a pulverized product of the cyclic olefin copolymer (a1) obtained in Bcample 
95 0 2 parts by weight of diatomaceous earth as anti-blocking agent, and 0.05 parts by weight of elucic 
acid amide as fubricant. were added and mixed. The mixture was supplied to a 50 '^r,^";;'^''^^''''^^ 
The mixture was extruded by a circular die with a diameter of 100 mm and a gap of 3 mm at 160°C. and 
then subjected to inflation molding to obtain a wrapping film having a thickness of 15 micrometers and a 
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width of a folded portion of 450 mm. The extruding rate was 7 Kg/hr and the pulling rate was 12 m/min. The 
moldability was excellent. 

The physical properties such as tensile properties, elastic recovery property and gas permeability, and 
optical properteis of the film obtained were measured, and are as shown in Table 6 or 7. 

5 

Examples 107 to 110 and Comparative Examples 12 to 14 

The procedures of Example 106 were repeated except that the kind of components and the amount of 
the components used were changed as indicated in Table 6. The results of the physcal property 
10 measurement are as shown in Table 6 or 7. 
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Table 7 





uxygen KermeaDiiiiy ^mwm aim^ 


(ml/m2*24h*atm) 


MnictiirA Pprm^ahilitx/ 

(g/m2*24h*atm) 


Example 106 


8600 


1700 


28 


Example 107 


3200 


650 


14 


Example 108 


8700 


1600 


29 


Example 109 


8600 


1500 


30 


Example 110 


3400 


800 
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Comp. Ex. 12 


1700 
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Comp. Ex. 14 
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3300 
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Example 111 

The procedures of Example 95 were repeated except that in Step (2) of Example 95, the amount of bis- 
(cyclopentadienyl)dlchlorozlrconlum used was changed to 0.064 mmol; the amount of ferrocenium tetrakis- 
(pentaf luorophenyl)borate used was changed to 0.1 1 mmol; the amount of norbornene used was changed to 
7,5 mol; the polymerization temperature was changed to 70**C; and the ethylene partial pressure was 
changed to 9 Kg/cm^, to obtain a cyclic olefin copolymer (a3). 

The yield of the cyclic olefin copolymer (a3) was 2.36 Kg. The polymerization activity was 404 Kg/gZr, 
The obtained cyclic olefin copolymer (a3) had a norbornene content of 4.5 mol%; an intrinsic viscosity 
of 3.07 dl/g; a glass transition temperature (Tg) of -8**C; a weight average molecular weight (Mw) of 213,000; 
a number average molecular weight (Mn) of 114,000; a molecular weight distribution of 1.87; and a melting 
point (Tm) of 81*^0 (broad peak). 

Comparative Example 15 

The procedures of Example 95 were repeated except that in Step (2) of Example 95, 300 mmol of 
ethylaluminumsesquichloride was used instead of triisobutylaluminum; 30 mmol of VO(OC2H5)Cl2 was used 
instead of bis(cyclopentadienyl)dichlorozirconium; ferrocenium tetrakis(pentafluorophenyl)borante was not 
used; the amount of norbomene used was changed to 3 mol; the polymerization temperature was changed 
to 30°C; the ethylene partial pressure was changed to 1 Kg/cm^; and the polymerization time was changed 
to 30 minutes, to obtain a cyclic olefin copolymer (a4). 

The yield of the cyclic olefin copolymer (a4) was 480 g. 

The obtained cyclic olefin copolymer (a4) had a norbornene content of 24.6 mol%; an intrinsic viscosity 
of 1.21 dl/g; a glass transition temperature (Tg) of 50°C; a molecular weight distribution of 4.26; and a 
melting point (Tm) of 100°C(sharp peak). 

Examples 112 to 116 and Comparative Examples 16 and 17 

As indicated in Table 8, pellets prepared from the cyclic olefin copolymers (a1) to (a4) obtained in 
Examples 95, 97 and 111 and Comparative Example 15, or resin compositions containing the copolymer 
(a1). (a2), (a3) or <a4) and a thermoplastic resin, were subjected to injection molding using an injection 
molding equipment (IS25EP: Manufactured by Toshiba) at a setting temperature of 150°C, at a mold 
temperature of 30°C, an injection pressure (first/second) of 80/40 Kg/cm^, to obtain a molded article (70 mm 
X 70 mm X 2 mm). 

The physical properties such as tensile properties and molding shrinkage factor, and optical properties 
of the molded articles obtained, were measured, and are as shown in Table 8. 



45 



EP0 504 418 A1 



:S ^ ^ w 

i ^ 5 i -5 




^ SCI™!**' 



1 1 



o 

i5 I ^ 



11 



to 



11- 5 



ll 



V •» VI ^ 



a 

as 



:2 



III 

"= * 2 
I I I 

M 



£ o £ 

— rJ «n 
« * • » 



Example 117 

A ™ ml Glass vessel was charged with 30 ml of dried toluene. 5 mmol of triisobutylalumlnum. 25 
borate and 500 mmol of norbornene. The polymerization was earned out at 50»C for 1 hour, to obtain 9.58 g 
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of a polymer. The polymerization activity was 6.53 Kg/gNi. 

The obtained copolymer had a weight average molecular weight (Mw) of 1,210,000 and a molecular 
weight distribution of 2.37. 

5 Reference Example 1 

The procedures of Example 13 were repeated except that 2.0 mmol of methylaluminoxane was 
employed istead of triisobutylaluminum, and triethylammonium tetrakis(pentafluorophenyl)borate was not 
used, to obtain 0.96 g of a copolymer. The polymerization activity was 1 .05 Kg/gZr. 
10 The obtained copolymer had a norbornene content of 11.5 mol%; and an intrinsic viscosity of 2.32 dl/g. 

Reference Example 2 

The procedures of Example 27 were repeated except that 3.0 mmol of methylaluminoxane was 
75 employed instead of triisobutylaluminum, and ferrocenium tetrakis(pentafluorophenyl)borate was not em- 
ployed, to obtain 10.4 g of a copolymer. The polymerization activity was 7.6 Kg/gZr. 

The obtained copolymer had a norbornene content of 8.5 mo)%; and an intrinsic viscosity of 2.19 di/g. 

Example 118 

20 

The procedures of Example 16 were repeated except that 0.03 mmol of dimethylantlinium tetrakls- 
(pentafluorophenyl)borate was employed instead of ferrocenium tetrakis(pentafluorophenyl)borate, to obtain 
26.4 g of a copolymer. The polymerization activity was 10 Kg/gZr. 

The obtained copolymer had a norbornene content of 7.0 mol%; and an intrinsic viscosity of 3.94 dl/g. 
25 The DSC measurement (temperature decrease) was made. The results are as shown in Fig. 5. 

Comparative Example 18 

The procedures of Comparative Example 11 were repeated except that the ethylene pressure was 
30 changed to 7 Kg/cm^, to obtain 35.9 g of a copolymer. The polymerization activity was 0.88 Kg/gZr. 

The obtained copolymer had a norbornene content of 6.8 mol%; and an intrinsic viscosity of 3.28 dl/g. 
The DSC measurement (heat down stage) was made. The results are as shown in Rg. 6. 

Example 119 

The procedures of Example 46 were repeated except that 0.002 mmol of (3,5-dimethylphenoxy)- 
trichlorozirconium was used instead of bis(cyclopentadienyl)dihydridezirconium. to obtain 53.7 g of a 
copolymer. The polymerization activity was 295 Kg/gZr. 

The obtained copolymer had a norbomene content of 4.9 mol%; and an intrinsic viscosity of 1.88 dl/g. 

40 

[Industrial Applicability] 

As described above, according to the process of the present invention, a cyclic homopolymer or a 
cyclic olefin/alpha-olefin copolymer can be effectively produced without opening the rings of the cyclic 
45 olefin and without using a great amount of organometalic compounds. 

The cyclic olefin copolymers (I) of the present Invention are superior in heat resistance, transparency, 
strength and hardness, and thus can be effectively used in an optical, medical and food field or the like. 

The cyclic olefin copolymers (11) of the present invention have a good elongation recovery property, 
good transparency, suitable elasity and well-balanced physical properties, and thsu can be effectively used 
50 as materials for films, sheets and other various molded articles in a packaging, medical and agricultural field 
or the like. 

Furthermore, the cyclic olefin copolymer compositions of the present invention can be employed in 
various applications such as a sealant film, pallet stretch film, wrapping film for industry use, films for 
agricultrual use, wrapping films for meat, shrink films, coating materials, damping materials, pipes, packages 
55 for transfusion liquids and toys because of their superiority in transparency, an elongation recovery 
property, adhesiveness, stabbing strength, tear strength, weatherability, low temperature heat scalability, 
heat seal strength, a shape memory property, a dielectric property and the like. In particular, in the case of 
molding the cyclic olefin copolymer composition into films or sheets, the obtained films and sheets will tend 
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not to generate blocking and will have a good elongation recovery property, transparency and adhe^ve- 
Sess T?.us the sheets and films can be effectively employed in various fields such as packaging, med.cal 
and agricultural fields. 

5 Claims 

1 A process for producing a cyclic olefin based polymer wherein homopolymerization of a cyclic olefin or 
copolymerization of a cyclic olefin and an alpha-olefin is carried out in the presence of a catalyst 
comprising as main components the following compounds (A) and (B): 
10 (A) a transition metal compound; and 

(B) a compound capable of fom,ing an ionic complex when reacted wrth a transition metal 

compound. 

2. A process for producing a cyclic olefin based polymer in which homopolymerization of a cyclic olefin or 
copolymerlzation of a cyclic olefin and an alph^olefin is carried out m the presence of a catalyst 
comprising as main components the following compounds (A), (B) and (C): 

(A) a transition metal compound; motai 

(B) a compound capable of fonning an ionic complex when reacted wrth a transitron metal 

compound; and 
20 (C) an organoaluminum compound. 

3. A process according to Claim 1 or 2. wherein Compound (A) is a transition metal compound comprising 
a transition metal selected from the IVB or Vlll Group of the Periodic Table. 



25 



30 



4. A process according to Claim 3. wherein Compound (A) is a cyclopenta^enyl fransition metal 
compound comprising a transition metal selected from the IVB Group of the Periodic Table. 

5. A process according to Claim 3. wherein Compound (A) is a transition metal compound represented by 
the following fonnula: 



wherein M' is a transition metal selected from the IVB Group of the Periodic Table; H\ f ■ R^^"<1 
may be the same as or different from each other, and are independently a ligand having a sigma bond. 

35 chelate ligand or Lewis base. 

6. A process according to any one of Claims 1 to 5. wherein Compound (B) is a compound comprising a 
cation and an anion wherein a plurality of functional groups are connected to an element. 

7 A orocess according to Claim 6, wherein Compound (B) is composed of a cation comprising an 
" Iment^lSS fZ the groups of IIIB. IVB. VB. VIB. VIIB. Vlll. lA. IB. IIA IIB and o^^^-P-^J- 
Table: and an anion wherein a plurality of functional groups are connected to an element selected from 
the groups of VB. VIB. VIIB, Vlll. IB. IIB. IIIA. IVA and VA of the Periodic Table. 



45 8. 



A catalyst comprising, as main ingredients, a compound represented by the following fomnula: 



50 
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Wherein is a transition metal selected from the IVB Group of the Periodic Table; B\ f • R^a"^ R 
may be the same as or different from each other, and are independently a ligand having a s'gma bond 
chelate ligand or Lewis base; and a compound capable of forming an ionic complex when reacted with 
a transition metal compound. 

9. A catalyst comprising a catalyst according to Claim 8 and an organoaluminum compound. 

10. A cyclic olefin copolymer having a repeating unit represented by the following general formula [X]: 



48 



EP 0 504 418 A1 



5 

(wherein is a hydrogen atom or a hydrocarbon group having 1 to 20 carbon atoms); and a repeating 
unit represented by the following formula [Y]: 



10 



15 

r 



20 




Rj R-c R» 



25 (wherein R** to R'" are independently a hydrogen atom, a hydrocarbon group having 1 to 20 carbon 
atoms or a substituent having a halogen atom, oxygen atom or nitrogen atom; n is an Integer of at least 
0; Rl or R'* and R' or R"* may form a ring together; and R** to R™ may be the same as or different from 
each other); and said copolymer having (1) 0.1 to 40 mol% of the repeating unit of the formula [X] and 
60 to 99.9 mol% of the repeating uint of the formula [Y]; (2) an intrinsic viscosity of 0.01 to 20 dl/g; and 

30 (3) a glass transition temperature of 150 to 370°C. 

11. A film or sheet comprising a cyclic olefin copolymer of Claim 10. 

A cyclic olefin copolymer having (1 ) 80 to 99.9 mol% of the above repeating unit of the formula [X] and 
0.1 to 20 mol% of the above repeating unit of the formula [Y]; (2) an intrinsic viscosity of 0.005 to 20 
dl/g; (3) a glass transition temperature of less than 30°C; and (4) and a tensile modulus of less than 
2.000 Kg/cm2. 

ia A cyclic olefin copolymer according to Claim 12, which has a melt peak measured by DSC 
40 (temperature decrease stage) of less than 90**C. 

14. A cyclic olefin copolymer according to Claim 12 or 13, which has a crystallization peak measured by 
DSC (temperature decrease stage) such that the sub peak appears on the high temperature side of the 
main peak. 

45 

15. A molded artici prepared from a cyclic olefin copolymer of Claim 12, 13 or 14. 

16. A molded article according to Claim 15. which Is formed in the shape of film or sheet. 
60 17. A molded article accroding to Claim 15, which is fomed in the shape of wrapping film. 

ia A molded article according to Claim 15. which is formed with a mold. 

19. A cyclic olefin copolymer composition comprising (a) 100 pats by weight of a cyclic olefin copolymer of 
55 Claim 12, 13 or 14; and (b) 0.01 to 10 parts by weight of an anti-blocking agent and/or a lubricant. 

20. A cyclic olefin copolymer composition comprising (a) 100 pats by weight of a cyclic olefin copolymer of 
Claim 12, 13 or 14; (b) 0.01 to 10 parts by weight of an anti-blocking agent and/or a lubricant; and (c) 1 
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to 100 parts by weight of an alpha-olefin based polymer. 
21. A film or sheet prepared from a cyclic olefin copolymer composition of Claim 19 or 20. 
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Description 

[FIELD OF THE INVENTION] 

The present Invention relates to a process tor producing a cyclic olefin based polymer, and particularly relates to 
a process for producing a cyclic olefin polymer and a cyclic olefln/alpha^lefin copolymer without opening nngs of the 
cyclic olefin. 

[RELATED ART] 

It is known that cyclic olefins can be polymerized in the presence of a Ziegler-Natta catalyst. In most of the cases, 
the cyclic olefins suffer ring opening during the polymerization to give polymers with opened rings. 

On the contrary to this process, cyclic olefins can be polymerized without suffering ring opening in accordance 
with the following methods (a) to (e). 

(a) Japanese Patent Application Laid-Open Gazette (Kokai) No. Sho 64-66216 describes a process for polymer- 
izing a cyclic olefin without suffering ring opening to obtain an isotactic polymer, in the presence of a catalyst 
composed of a stereo-rigid metallocene compound, particularly ethylenebis(indenyl)zirconium dichtoride, and alu- 

minoxane. ■♦l. ^ 

(b) Kokai No Sho 61-271308 discloses a process for copolymerizing a cyclic olefin and an alphaolefin without 
suffering ring opening, in the presence of a catalyst composed ot a soluble vanadium compound and an organoa- 
luminum compound, , ^ 

(c) Kokai No Sho 61-221206 and Kokai No. 64-106 describe a process for copolymerizing a cyclic olefin and an 
alpha-olefin without suffering ring opening, in the presence of a catalyst composed of a transition metal compound 

and aluminoxane. _. ^ u ■ 

(d) Kokai No Sho 62-252406 describes a process for producing an ethylene/cyclic olefin random copolymer having 
an ethylene content of 40 to 90 mol% with the use of a catalyst composed of a soluble vanadium compound and 
an organoaluminum compound, i- i *■ 

(e) Kokai No. Hei 3-4561 2 discloses a process for producing a homopolymer and a copolymer of a polycyclic olefin 
with the use of a catalyst composed of a specific metallocene compound and aluminoxane. 

However, the polymerization processes (a), (c) and (d) require use of a great amount of aluminoxane. Thus, 
a substantial amount of a metal will remain in the polymerized products, resulting in deterioration and colonng of 
the products. In these processes, after polymerization, deashing treatment of the resultant products should be 
sufficiently conducted. Thus, these processes have a problem in productivity. 

Further the catalysts used in the processes (b) and (d) are inferior due to extremely poor catalytic activities. 
In addition an ethylene-rich copolymer obtained by the process (d) shows clear melting point and poor random 
configuration. Furthermore, in Kokai No. Sho 3-45612 (Process (e)). It is not proved in the working examples that 
a copolymer having a cyclic olefin content of 40 mol% or more can be produced. 

On the other hand, studies on olefin polymerization with use of a cationic transition metal complex, have been 
made since many years ago. There are many reports as indicated as follows. However, each process has some 

problems. . ^ , 

(f) Natta et al reported that ethylene can be polymerized in the presence of a catalyst composed of trtanocene 
dichlorideandtriethylaluminum(J. Polymer Sci..26. 120 (1964). Further, Breslow et al. reported po^menzation 
of ethylene with use of a titanocene dichlorideAlimethylaluminum chloride catalyst (J. Am. Chem. Soc, 79. 5072 
(1 957) Furthermore. Dyachkovskii et al. suggested that polymerization activities in ethylene polymerization using 
a titanocene dichloride/dimethylaluminum chloride catalyst are derived from a titanocenemonomethyl cation (J. 
Polymer Sci., 16, 2333 (1967). 

However, the ethylene activities in these processes are extremely low. 

(g) Jordan et al reported synthesis and isolation of [biscyclopentadienylzirconium methyl(tetrahydrofuran)] [tetra- 
phenylboric acid] resulting from the reaction of zirconocenedimethyl and silver tetraphenylborate, and ethylene 
polymerization using the thus synthesized compound (J. Am. Chem. Soc.. m 7410 (1986). Further. Jordan et 
al synthesized and isolated [biscyclopentadienylzirconium benzyl(tetrahydrof uran)][tetraphenylbonc acid] result- 
ing from the reaction of zirconocenedibenzyl and ferrocenium tetraphenylborate (J. Am. Chem. Soc.. 109^ 4111 
(1987) 

It was confirmed that ethylene can be slightly polymerized using these catalysts, however, their polymerization 
activities are extremely low. 

(h) Turner et al. have proposed a process for polymerizing an alpha-olefin in the presence of a catalyst comprising 
a metallocene compound and a boric ackJ complex containing a specific amine such as triethylammonium tetra- 



EPO 504 418 B1 



phenylborate, triethylammonium tetralolylborate, and triethylammonium tetra(pentafluorophenyl)borate (Japanese 
Patent Application PCT Laid-Open Gazette No. Sho 1 -502036). 

However, in tills gazette, there is no description about copotymerization of an alplia-olefin and a cyclic olefin. 
Furtlier, tlie catalysts have extremely low polymerization activities and thus this process is not suitable for industrial 
s use. 

In addition, polymerization of a cyclic olefin is not reported in any one of the technical literature or the patent 
gazettes (F) to (h). 

DISCLOSURE OF THE INVENTION 

10 

The present invention was made in view of the above-mentioned situations, and provides a process for producing 
a cyclic olefin based polymer as described below. 

Production Process of Cyclic Olefin Based Polymers: 

The present invention provides a process for producing a cyclic olefin based polymer wherein honnopoiymerization 
of a cyclic olefin or copolymerization of a cyclic olefin and an alpha-olefin is carried out in the presence of a catalyst 
comprising, as main components, the folbwing compounds (A) and (B) and optionally the following compound (C): 

20 (A) a transition metal compound; 

(B) a compound capable of forming an ionic complex when reacted with a transition metal compound; and 

(C) an organoaluminum compound. . 

The above-mentioned catalysts show excellent polymerization activities for the homopolymerization of a cyclic 
25 olefin or the copolymerization of a cyclic olefin and an alpha-olefin. In particular, the catalyst comprising the organoa- 
luminum compound (C) shows extremely high polymerization activities with use of a small amount of an organoalumi- 
num compound. Therefore, according to the above production process, a cyclic olefin homopolymer or an cyclic olefin/ 
alpha-otefin copolymer can be effectively produced without ring-opening during the polymerization and without use of 
a great amount of an organoaluminum compound. 
30 The following novel cyclic olefin copolymers (1) and (II) can be produced by the above-mentioned process. 

Cyclic Olefin Copolymers (I) 

The cyclic olefin copolymers (I) have a repeating unit represented by the following general formula [Xf. 

35 

-(CH2-CH)- [X] 

40 

(wherein R» is a hydrogen atom or a hydrocarbon group having 1 to 20 carbon atoms); and a repeating unit represented 
by the following formula [Y]: 



45 . 



so 



ss 
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IS 



so 




10 / f^r. R.\ ... CY] 



(Wherein to R- are independently a hydrogen atom, a hydrocarbon group having 1 ^ 20 caiton atoms ora sub- 
stituent having a halogen atom, oxygen atom or nitrogen atom; n is an integer of at least 0; B or R'' arKJ R' or R» may 
20 form a ring together; and to R-" may be the same as or different from each other). 

The cyclic olefin copolymers (I) have (1) 0.1 to 40 mol% of the repeating unit of the formula pq and 60 to 99.9 
mol% of the repeating unit of the tomiula [Y]: (2) an Intrinsic viscosity M of 0.01 to 20 dl/g; and (3) a glass transition 

^^T^^a^e%i\!:^n^l^Brs (I) have high content of the repeating unit based on a cyclic olefin and mainly 
26 have a vinylene structure. Thus, the copolymers are novel ones obtained for the first time by the process according to 
the preserrt invention. The cyclic olefin copolymers (I) are superior in heat resistance, transparency, strength and ng- 
idness, and can be effectively used in optical, medical and food fields. 



Cyclic Olefin Copolvffiers II : 



Cyclic olefin copolymers (II) are those having (1 ) BO to 99.9 mol% of the repeating unit of Formula [X} and 0.1 to 
20 mol% of the repeating unit of Formula [Y]; (2) an intrinsic viscosity [n] of 0.01 to 20 dl/g; (3) a glass transition 
temperature (Tg) of less than 30»C; and (4) a tensile modulus of less than 2.000 Kg/cm . 

The above cyclic olefin copolymers (II) have low content of the repeating unit based on a cyclic olefin, and are 
« flexible resins having physical properties drtferent f«>m those of polymers obtained by known "^^^^VJ* ^^^IT^^^IJ^ 
the copolymers are novel ones obtained for the first time by the process according to the present 'nvent.oa The cyclu: 
olefin copolymers (II) have an excellent elongation recovery property, good transparency, suitable e^s'ly and well- 
balanced physical properties, and can be effectively used as films, sheets and materials for vanous molded articles in 
a variety of application fields such as wrapping, medical and agricultural fields. k„ ...i,„Kh, ..c-h 

40 Further, the following compositions comprising the above novel cyclic olefin copolymers (II) can be suitably used 

as materials for films and sheets in wrapping, medical and agricultural fields. 

Cyclic Olefin Copolymer Comixasitions: 

4S A cyclic olefin copolymer composition (First Composition) comprises the following components (a) and (b) and a 

cyclic olefin copolymer composition (Second Composition) comprises the following components (a), (b) and (c): 

(a) 100 parts by weight of the cyclic olefin copolymer (II); 

(b) 0.01 to 10 parts by weight of an anti-blocking agent and/or lubricant; and 
so (c) 1 to 1 00 parts by weight of an alpha-olef in based copolymer. 

The above first and second compositions exhibit good moldability in inflation molding and the like as well as a 
qood elongatksn recovery property, good transparency and suitable elasity. 

Further, the following molded articles may be prepared from the above-mentioned cyclic olefin copolymers or the 
SB atMve-mentioned cyclic olefin copolymer composhlons. 
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Molded Article: 

The molded articles include, for example, films, sheets, wrapping films and those made by using a moid as indicated 
in the following examples (1 ) to (5): 

5 

(1) Films or sheets made of the cyclic olefin copolymer (I); 

(2) Films or sheets made of the cyclic olefin copolymer (II); 

(3) Wrapping films made of the cyclic olefin copolymer (II) 

(4) Articles made using a mold from the cyclic olefin copolymer (II); and 

10 (5) Films or sheets made of the cyclic olefin copolymer composition (the first composition or the second compo- 

sition). 

[BRIEF DESCRIPTION OF THE DRAWINGS] 

IS Fig. 1 shows the flowchart of the production process of the present invention; 

Fig. 2 shows the DSC chart of the copolymer obtained in Example 88; 

Fig. 3 shows the DSC chart of the copolymer obtained in Comparative Example 11 ; 

Fig. 4 is the '•^C-NMR chart of the copolymer obtained in Example 91 ; 

Fig. 5 is the DSC chart (heat down stage) of the copolymer obtained in Example 118; and 
20 Fig. 6 is the DSC chart (heat down stage) of the copolymer obtained in Comparative Example 18. 

[BEST EMBODIMENTS OF THE INVENTION] 

The present invention will be described in more detail below. 

Production Process of Cyclic Olefin Based Polymers: 



25 



Fig. 1 shows the production process according to the present invention. 

In the process of the production of the cyclic olefin based polymers according to the present invention, transition 
30 metal compound may be used as Compound (A). The transition metal compounds include, for example, those con- 
taining at least one transition metal belonging to the IVB, VB, VIS. VIIB and VIII Groups of the Periodic Table. More 
specifically, as the above transition metals, preferred are titanium, zirconium, hafnium, chromium, manganese, nickel, 
palladium and platinum. Of these, more preferred are zirconium, hafnium, titanium, nickel and palladium. 

Suitable transition metal compounds include a variety of compounds, particularly include those containing at least 
35 one transition metal belonging to the IVB and VIII Groups of the Periodic Table, more suitably a metal of the IVB Group, 
i.e., titanium (Ti), zirconium (2r) or hafnium (Hf). More preferred are cyclopentadienyl compounds represented by the 
following formula (I), (II) or (III), or derivatives thereof, or compounds represented by the following formula (IV) or 
derivatives thereof . 

112 3 

CpM R aR bR c (I) 
Cp2M''R^dR^e (H) 
(Cp-Af-Cp)M^R^dR^e (III) 

so M^R^gR^hR^iR'^j . (IV) 

In Formulas (1) to (IV), M^ is a Ti, 2r or Hf atom; Cp is an unsaturated cyclic hydrocarbon group or chain cyclic 
hydrocarbon group such as a cyclopentadienyl group, substituted cyclopentadienyl group, indenyl group, substituted 
^ indenyl group, tetrahydroindenyl group, substituted tetrahydroindenyl group, fluorenyl group or substituted fluorenyl 
group; R"", R2, R3 and R^ are independently a hydrogen atom, oxygen atom, halogen atom, s"^' group, C^,20 
alkoxy group, aryl group, alkylaryl group, Cq,2o aryla'kyl group, C^.g© acyloxy group, allyl group, substituted allyl group, 
a ligand having a sigma bond such as a substituent containing a silicon atom, chelate llgand or Lewis base ligand such 



4$ 
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as an acetylacetonate group and substituted acetylacetonate group; A is a bridge based on a covalent bond; a. b and 
c are independently an integer of 0 to 3; d and e are independently an Integer of 0 to 2; 1 is an integer of 0 to 6; g, h, . 
and j are independently an integer of 0 to 4; two or more of Ri and R^. R3 and R^ may 1°'^^^^""^, '^''^^ 
mentioned Cp has a substituent. the substituent is preferably a C,.^ alkyi group. In Formulas (II) and (III), two of Cp 

may be the same as or different from each other. 

In the above Formulas (I) to (111), the substituted cycopentadienyl groups include, for example, a methylcyclopen- 
tadienyl group, ethylcyclopentadienyl group, isopropylcyclopentadienyl group, 1 ,2-dimethylcyclopentadienyl group te- 
tramethylcyclopentadienyl group. 1 ,3-dimethylcyclopentadienyl group. 1 ,2,3-trimethylcyclopentadienyl group, 1 .2.4-tn- 
methylcyclopentadienyl group, pentamethylcyclopentadieyl group, and trimethylsilylcyclopentadienyl group. 

Examples of Ri to R* include halogen atoms such as a fluorine atom, chlorine atom, bromine atom and iodine 
atom- C, «, alkyl groups such as a methyl group, ethyl group, n-propyl group, isopropyl group, n-bulyl group octyl 
group and2-ethylhexyl group: C,.^ alkoxy groups such as a methoxy group, ethoxy group, propoxy group butoxy 
group and phenoxy group; Ce.20 aryl groups alkylaryl groups or arylalkyi group, such as a phenyl group tolyl group, 
xylyl group and benzyl group; C^o acyloxy groups such as a heptadecylcarbonyloxy group; substituents containing 
a silicon atom such as a trimethylsilyl group, (trimethylsilyl)methyl group; Lewis bases such as ethers including dimethyl 
ether diethyl ether and letrahydrof uran, thioelhers including tetrahydrothiophen. esters including ethylbenzoate, nrtriles 
including acetonitrile and benzonitrile. amines including trimethylamine. triethylamine, tributylam»ie N. N-d.mettiyl- 
aniline pyridine 2 2'-bipyridine and phenantholorine. and phosphines including triethylphosphine and triphenylphos- 
Dhine- chain unsaturated hydrocarbons such as ethylene, butadiene, 1-pentene, isoprene, pentadiene. 1-hexeneand 
deriv^ives thereof; unsaturated cyclic hydrocarbons such as benzene, toluene, xylene, cycloheptatr.ene. cyctoocta- 
diene cyclooctatriene. cyckjoctatetiaene and derivatives thereof. The bridges based on a covalent bond. A include, 
for example, a methylene bridge, dimethylmethylene bridge, ethylene bridge. l.V-cyclohexylene bridge, dimethylsi- 
IvlenebrkJge. dimethylgelmylene bridge and dimethylstannylene bridge. . . ^ 

Morespecifically.thesecompoundsincludethefollowlngcompounds.andthosehavlngtltaniumorhafn.umin8tead 

of ziFConium. 

Compounds of Formula (I); 

{Pentamethylcyclopentadienyl)trimethylzirconium,(pentamethylcyclopentadienyl)triphenylzirconium.(pentameth- 
VicyclopentadienyDtribenzylzirconium. (pentamethylcyclopentadienyl)trichlorozirconium. (pentamethylcyclopentadi- 
enyl)trimethoxyzirconium.(cyclopentadlenyl)trimethylzirconium, (cyclopentadienyl)triphenylzirconium, (eye opentadi- 
enyl tribenzylzirconium. (cyelopentadienyl)trichloro2irconium, (cyclopentadienyl)trimethoxyzirconium, (cyclopentadi- 
enyl dlmethyl(methoxy)zirconium. (methylcyclopentadienyl)trimethylzirconium. (methyteyelopentadienyl)tnphenylzir- 
conium, (methylcyelopentadienyl)tribenzylzirconium. (methylcyctopentadienyl)trichlorozirconium (methylcyctopente- 
dienyl)dimethyl(methoxy)zirconium. (dimethylcyclopentadlenyl)trichtorozirconium. (trimethylcyclopentadienyl)tnchlo- 
rozirconium. (trimethylsilykqrclopentadienyl)trimethylzlrconium.(tetramethylcyctopentadienyl)trichtorozirco^ 

Compounds of Formula (II): 

Bis(cyclopentadienyl)dimethylzirconium, bis(cyclopentadienyl)diphenylzirconium. bis(cyclopentadienyl)diethylzir- 
conium. bis(cyclopentadienyl)dibenzylzirconium. bis(cyclopentadienyl)dimethoxyzirconium, bis(cyclopentadienyl) 
dichtoiolzirconium. bls(cyclopentadienyl)dlhydride2irconium, bis(cyclopentadienyl)monochloromonohydrKlez.rconi- 
um bis(methylcyclopentadienyl)dimethylzirconium. bis(methyk:yclopentadienyl)dichk>rozirconium. bis(methylcy- 
clo^entadienyl)dibenzylzirconium.bis(pentamethylcyclopentadienyl)dimethylzirconium.bis(pentaniethylcyclop 
enyl)dlchlorozirconium. bis(pentamethylcyctopentadienyl)dibenzylzirconium. bis(pentamethylcyclopentadienyl)chlo- 
romethylzirconium. bis(pentamethylcyclopentadienyl)hydridemethylzirconium. (cyclopentadicnyl)(pentamethylcy- 
clopentadienyl)dlchlorozirconium. 

Compounds of Formula (IIIV 

Ethylenebis(indenyl)dimethylzirconium, ethylenebis(indenyl)dichlorozirconium. ethylenebis(tetrahydroindenyl) 
dimethylzirconium. ethytenebis(tettahydroindenyl)dichlorozlrconium. dimethylsilylenebis(cyclopentadienyOdimethyl- 
zirconium, dimelhylsilylenebis(cyclopentadienyl)dichtorozirconium. isopropyl(cyclopentadienyl)(9-fluorenyl)dimethyl- 
zirconiom isopropyl(cyctopentadienyl)(9-fluorenyl)dichlorozirconium. lphenyl(methyl)methylene](9-fluorenyl)(cy- 
clopentadienyDdimethylzirconium. diphenylmethylene(cyclopentadienyl)(9-fluorenyl)dimethylzirconlum. ethylidene 
(9-fluorenyl)(cyclopentadienyl)dimethylziroconium. cyctohyxyl(9-f1uorenyl)(cyctopentadienyl)dimethylzirconiiim. cy- 
clopentyl(9-fluorenyl)(cyclopentadienyl)dimethylzirconium. cyclobutyl(9-fluorenyl)(oylcopentadienyl)dimethylzirconi- 
um dimethylsilylene(9-fluorenyl)(cyclopentadlenyl)dlmethylzlrconlum. dimethylsilylenebis(2.3.5-tnmethylcyclopenta- 
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dienyl)dichlorozirconium, dimethylsilylenebis(2,3,5-trimethylcyclopentadienyl)dlmethylzirconium, dimethylsilylenebis 
(indenyl)dichlorozirconium. 

Further, compounds other than the cyclopentadienyl compound represented by Formula (I), (II) or (III) do not 
adversely affect the meritorious effects of the present invention. Examples of such compounds include those com- 

s pounds represented by Formula (iV), such as tetramethylzirconium, tetrabenzylzirconium, tetramethoxyzirconium, 
tetraethoxyzirconium, tetrabutoxyzirconium. tetrachlorozirconium, tetrabromozirconium, butoxytrichlorozirconium, dib- 
utoxydichlorozlrconium, bis(2,5-di-t-butylphenoxy)dimethylzirconlum, bis(2.5-di-t-butylphenoxy)dichlorozirconium, 
and zirconium bls(acetytacetonate). The other examples include compounds basically same as the above compounds 
except that zirconium is replaced with hafnium or titanium. Such compounds include zirconium compounds, hafnium 

10 compounds and titanium compounds having at least one group selected from alkyi groups, alkoxy groups and halogen 
atoms. 

Further, the transition metal compounds containing a transition metal belonging to the VIII Group, are not partic- 
ularly limited. Examples of chromium compounds include tetramethylchromium, tetra(t-butoxy)chromiunri, bis(cy- 
clopentadienyl)chromium, hydridetricarbonyl(cyclopentadienyl)chromium, hexacarbonyl(cyclopentadienyl)chromium. 

IS bis(benzene)chromium, tricarbonyltris(phosphonic acid triphenyl)chromium, tris(aryl)chromium, triphenyltris(tetrahy- 
drofuran)chromium and chromiurn tris(acetylacetonate). 

Examples of manganese compounds include tricarbonyl(cyclopentadienyl)manganese, pentacarbonylmethylman- 
ganese. bis(cyclopentadienyl)manganese and manganese bis(acetylacetonate). 

Examples of nickel compounds include dicarbonylbis(triphenylphosphine)nickel, dibromobis(triphenylphosphine) 

20 nickel, dinitrogen bis(bis(tricyclohexylphosphine)nickel), chl6rohydridebis(tricyclohexylphosphine)nickel. chloro(phe- 
nyl)bis(triphenylphosphine)nickel. dimethylbls(trimethylphosphjne)nickel, diethyl(2,2'-bipyridyl)nickel, bis(allyl)nickel. 
bis(cyclopentadienyl)nickel, bis(methylcyclopentadienyl)nickel, bis(pentamethylcyclopentadienyl)nickel, allyl(cy- 
clopentadienyl)nickel, (cyclopentadienyl)(cyclooctadiene)nickel tetrafluoroborate, bis(cyclooctadiene)nickel, nickel 
bisacetylacetonate, allylnickel chloride, tetrakis(triphenylphosphine)nickel, nickel chloride, (CeH5)Ni[OC(C6Hs)CH=P 

25 (C6H5)2][P(C6H5)3]. and (C6Hs)Ni[OC(C6H5)C(S03Na)=P(C6H5)2[P{C6Hs)3]. 

Examples of palladium compounds include dichlorobis(benzonitrile)palladium. carbony}tris(triphenylphosphine) 
palladium, dichlorobis(triethylphosphine)palladtum, bis(isocyanated t-butyl)palladium, palladium bis(acetylacetonate), 
dichloro(tetraphenylcyclobutadiene)paHadium, dichloro(1,5-cyclooctadiene)palladium, allyl(cyclopentadienyl)palladi- 
um, bis(allyl)palladium, allyl(1,5-cyclooctadiene)palladium, palladium tetrafluoroborate, (acetylacetonate)(1 ,5-cy- 

30 clooctadiene)paliadium tetrafluoroborate, and tetrakis(acetonitrile)palladium bistetrafluoroborate. 

Further, Compounds (B) are not particularly limited to, but include any compounds capable of forming an ionic 
complex when reacted with the transition metal compound (A). The suitable compounds as Compounds (B) include a 
compound comprising a cation and an anion wherein a plurality of functional groups are connected to an element, 
particularly a coordinatkxi complex compound. The compounds comprising a cation and an anion wherein a plurality 

35 of functional groups are connected to an element, include, for example, those compounds represented by the following 
formula (V) or (VI): 

([L^R^]''*)paM^Z^Z^..z"]'"-'">-), (V) 

40 

([L'^f")p«MVz^...zV"\ , (VI) 

wherein is M^, ReR^M^, RiOgC or Ri^M^. 

45 In Formula (V) or (VI). is a Lewis base; and are independently an element selected from the groups of VB, 
VIB, VHB, VIII, IB, MB, IIIA. I VA and VA of the Periodic Table; and are independently an element selected from 
the groups of IIIB, IVB. VB, VIB, VtIB, VIII, lA. IB, IIA, IIB and VIIA of the Periodic Table; to Z" are independently a 
hydrogen atom, dialkylamino group, C^,2o3"^o^ group, C6.2oaryloxy group, Ci.2oalkyl group, C6.2oaryl group, alkylaryl 
group, arylalky! group, C^.go halogenated hydrocarbon group, C^.go acyloxy group, organometalloid group or halogen 

so atom; two or more of Z^ to Z" may form a ring; R^ is a hydrogen atom, Ci,2o ^'ky* group, C6.20 aryl group, alkylaryl 
group or aryl alkyI group; R® and R^ are Independently a cyclopentadienyl group, substituted cyclopentadienyl group, 
indenyl group or fluorenyl group; fO^ is a C^.go alkyI group, aryl group, alkylaryl group or arylalkyi group; R""! is a large 
ring ligand such as tetraphenylporphyrin and phthalocyanine; m is a valency of and M"* and is an integer of 1 to 7; 
n is an integer of 2 to 8; k is an ion value number of [U-R^] and [L^, and is an integer of 1 to 7; and p Is an integer of 

ss at least 1 ; and q is specified by the formula: q=(p X k)/(n-m). 

Examples of the above Lewis bases are amines such as ammonium, methylamine. aniline, dimethylamine, diethyl- 
amine, N-methylaniline, diphenylamine, trimethylamine, triethylamtne, tri-n-butylamine. N.N-dimethylaniline, methyld- 
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iphenylamine. pyridine. p-bromo-N,N-dimethylaniline and p-nitro-N.N-dimethylaniline; phosphines such as tnethyl- 
SosphL. tripSenylphosphine and diphenylphosphine; ethers such as dimethyl ether, diethyl ether, tetrahydrofuran 
and dioxane; thioethers such as diethyl thioethers and tetrahydrothiophene; and esters such as ethylbenzoate. 

Examples of and are. for example. B. Al. Si, P, As and Sb. Examples of MS are Li. Na, Ag. Cu. Br I and I3. 
Examples of Nfi are Mn. Fe. Co, Ni and Zn. Examples of Z> to Z" include dialkylamino groups such as a dimethy lamino 
group and diethylamino group; C^.go alkoxy groups such as a methoxy group, ethoxy group and n-butoxy group, C^^o 
aryloxy groups such as phenoxy group. 2,6-dimethylphenoxy group and naphthyloxy group; ^ 20 alkyi groups such 
as'^a me?hyl group, ethyl group, n-propyl group, iso-propyl group, n-butyl group, n-octyl group and S-^.^^exy group, 
Ce 20 aryl, alkylaryl or arylalkyi groups such as a phenyl group, p-tolyl group, benzyl group 4-t.-butylphenyl group. 
2,6Simethylphenyl group. 3,5-dimethylphenyl group. 2,4-dimethylphenyl group, 2.3-dimethylpheny group; Cj.2ohal- 
ogenated hydrocarbon groups such as p-fluorophenyl group, 3.5-dlfluorophenyl group, pentachlorophenyl group. 
3 4 5-trifluorophenyl group, pentafluorophenyl group. 3,5-di(trifluoromethyl)phenyl group; hatogen atorns such as R 
CI Br and f organometalloid groups such as a pentamethylantimony group; trimethylsilyl group, trimethylgelnnyl group, 
di^enylarsine group, dicyclohexylantimony group and diphenylboron group. Examples of and R10 are the sanie 
aL ab^e Exar^les of substituted cyclopentadienyl groups represented by ffi and include those substrtuted with 
an alkyi group such as a methylcyctopentadienyl group, butylcyctopentadienyl group and pentamethylcyclopentad.eny 
group usually, the alkyI groups have 1 to 6 carbon atoriis and the number of substituted alkyI groups .s an integer of 
1 to 5 In Formula (V) or (VI), and M* are preferably boron. 

Of those compounds represented by Formula (V) or (VI). the foltowing compounds can be particularly used as 

preferred ones. 

Compounds Represented by Formula (V): 

Triethylammonium tetraphenylborate, tri(n-butyl)ammonium tetraphenylborate, trimethylammonium tetraphenylb- 
orate. tetraethylammonium tetraphenylborate. methyltri(n-butyl)ammonium tetraphenylborate. benzyltn(n-butyl)am- 
monium tetraphenylborate, dimethyWiphenylammonium tetraphenylborate, methyltriphenylammon.um tetraphenylbo- 
rate. trimethylanilinium tetraphenylborate. methylpyridinium tetraphenylborate. benzylpyridinium te raphenylborate. 
methyl(2-cyanopyridinium) tetraphenylborate. trimethylsulfonium tetraphenylborate. benzyldime hylsulfonium tetra- 
phenylborate. triethylammonium tetrakis(pentafluorophenyl)borate. tri(n-butyl)ammonium tetrakis(pentafluorophenyl) 
borate, triphenylammonium tetrakis(pentafluorophenyl)borate. tetrabutylammonium tetrakis(pentafluorophenyl)bo- 
rate tetraethylammonium tetrakis(pentafluorophenyl)borate. methyltri(n-butyl)ammonium tetrakis(pentafluoiDphenyl) 
borate benzyltri(n-butyl)ammonium tetrakis(pentafluorophenyl)borate, methyldiphenylamnr«>nium tetrakis(pentafluor- 
ophenyDborate, methyltriphenylammonium tetrakis(pentafluorophenyl)borate. dimethyldiphenylammonium tetrakis 
feentafluorophenyl)borate, anilinium tetrakis(pentafluorophenyl)borate. methylanilinium tetrakis(pentafluorophenyl) 
borate, dimethylanilinium tetrakis(pentafluorophenyl)borate. trimethylanilinium tetrakis(pentafluorophenyl)borate 
dimethyl(m-nitroanilinium)tetrakis(pentafluorophenyl)borate, dimethyl(p-bromoanilinium) tetrak,s(pentafluoropheny ) 
borate. pyrWinium tetrakis(pentafluorophenyl)bofate. p-cyanopyrkJinium tetrakis(pentafluoropheny )borate, N-methyl- 
pyridinium tetraki8(pentafluorophenyl)borate. N-benzylpyridinium tetrakis(pentafluorophenyl)borate, O-cyano-N-me- 
htylpyridinium tetrakis(pentafluorophenyl)borate. p-cyano-N-methylpyridiniumtetrakis(pentaf uorophenylb^ 
ano N-benzylpyridinium tetrakis(pentafluorophenyl)borate. trimethylsulfonium tetrakis(pentafluorophenyl)bora e. ben- 
zyldimethylsulfonium tetrakis(pentafluorophenyl)borate. tetraphenylphosphonium tetrakis(pentanuorophenyl)borate. 
dimethylanilinium tetrakis(3.5-ditrifluoromethylphenyl)borate. and hexafluoroarsenic ackl tnethylammonium. 

Comt)Ounds Represented bv Formula (VIV. 

Ferrocenium tetraphenylborate. silver tetraphenyl borate, trityl tetraphenylborate, tetraphenylporphyrin manga- 
nese tetraphenylborate. ferrocenium tetrakis(pentafluorophenyl)borate. l.r-dimethylferrocenium tetrak.s(pentafluor- 
ophenyDborate. decamethylferrocenium tetrakis(pentafluorophenyl)borale. acetylferrocenium tetrakis(pentafluoroph- 
enyhborate. formylferrocenium tetrakis(pentafluorophenyl)borate. cyanoterrocenium tetrakis(penta luorophenyl)bo- 
rate Silver tetrakis(pentafluorophenyl)borate, trityltetrakis(pentafluorophenyl)borate. lithium ^l^f ^«"»«''"°^P^!: 
nyhborate. sodium tetrakis(pentafluorophenyl)borate, tetraphenylporphyrin manganese tetra(pentafluorophenyl)bo- 
rate tetra(pentafluotophenyl)boric acid (tetraphenylporphyrin iron chtoride), tetra(pentafluorophenyl)bonc acid (tetra- 
phenylporphyrin zinc), tetrafluorosilver borate, hexafluoroarsenical silver, and hexafluorosilyer antimonate. 

Further, compounds other than those represented by Fomiula (V) or (VI) such as tr.s(pentafluorophenyl)boion. 
tris(3.5-di(trifluoromethyl)phenyl)boron and triphenylboron, can be also used. ..... , ,v„,x m„„x 

organic aluminum compounds as Component (C) include those represented by the following fomiula (VII). (VIII) 
or (IX): 
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(VII) 



wherein R^^ is a hydrocarbon group such as an alkyi group, alkenyl group, aryl group or arylalkyi group having 1 to 
s 20, preferably 1 to 12 carbon atoms; Q is a hydrogen atom, a 0^.20 alkoxy group or a halogen atom; and r is a number 
between 1 and 3. 

Examples of compounds represented by Formula (VII) are, for example, trimethylaluminum, triethylaluminum, trl- 
isobutylaluminum, dimethylaluminum chloride, diethylaluminum chloride, methylaluminum dichloride. ethylaluminum 
dichloride, dimethylaluminum fluoride, diisobutylaluminum hydroide, diethylaluminum hydride and ethylaluminum- 

10 sesquichloride. 

Chain aluminoxanes represented by the following Formula (VIII): 



IS 



Rl2 Rl2 

^Al - O - (Al - 0)s-2 Al'^ ... (VIII) 



20 wherein R^^ is as defined in Formula (VII); and s is a degree of polymerization, usually from 3 to 50. 
Cyclic alkylaluminoxanes having a repeating unit represented by the formula: 



26 



(Al - 0)s- 

r12 



(IX) 



wherein R12 is defined in Formula (VII); and s is a degree of potymerizatioh, usually from 3 to 50. 

30 Of these compounds represented by Formulas (VII) to (IX), preferable compounds are those represented by For- 

mula (VII). Particularly preferable compounds are those represented by Formula (VII) wherein r is 3, more particularly 
alkylalumlnum such as trimethylaluminum, triethylaluminum or triisobutylaluminum. 

Methods of preparing the above aluminoxanes are not particularly limited to, but include any known methods such 
as a process comprising contacting alkylaluminum with a condensation agent such as water Alkylaluminum and a 

3S condensation agent can be reacted by known methods, for example, (1 ) a method comprising dissolving an organoa- 
luminum compound in an organic solvent, and contacting the solution with water; (2) a method comprising adding an 
organoaluminum compound to starting materials tor polymerization, and adding water to the reaction mixture later (3) 
a method comprising reacting an organoaluminum compound with crystalline water contained in a metal salt and the 
like or water adsorbed to an inorganic material or an organic material; (4) a method comprising reacting tetraalkyldia- 

40 luminoxane with trialkylaluminum, and then reacting the reaction product with water. 

Catalysts which can be used in the process of the present invention comprise, as main, ingredients, the above 
Component (A) and Component (B), and optionally, Component (C). 

In this case, the use conditions are not limited; however It is preferable to adjust a ratio (molar ratio) of Component 
(A) to Component (B) to 1:0.01 to 1:100, more preferably 1:0.5 to 1:10, most preferably 1:1 to 1:5. Further, reaction 

45 temperature may preferably range from -100 to 250*C. Reaction pressure and reactiori time can be appropriately 
selected. 

Further, the amount of Component (C) used may be from 0 to 2,000 nnol, preferably from 5 to 1.000 nriol. most 
preferably from 10 to 500 mol, per 1 mol of Component (A). The use of Component (C) may improve polymerizatfon 
activity. However, the use of excess amount of Component (C) is not desirable since great amount of the organoalu- 
50 minum compound will remain in the resultant polymer 

In addition, a way of using the catalysts is not particularly limited. For example, it is possible that Components (A) 
and (B) are preliminary reacted and the reaction product is separated, washed and used for polymerization. It is also 
possible that Components (A) and (B) themselves are contacted in a polymerization system. Further, Component (C) 
can be contacted with Component (A), Component (B), or the reaction product of Component (A) and Component (B). 
55 These components can be contacted before polymerization or during polymerization. Further, these components can 
be added to monomers or a solvent before polymerizatton, or to the polymerization system. • 

In the process of the present invention, a cyclic olefin can be homo-polymerized, or a cyclic olefin and an alpha- 
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olefin can be co-polymerized in the presence of the above-mentioned catalysts. ^i„,»fi„= h«,inn 

AS used herein, the cyclic olefins include cyclic monoolefins having one double bond and cyclic dwtefins having 

^Te'^ycirclS.nolefins include, for example, monocyclic olefins such as cyclobutene. 

cycloheptene, cyclooctene; substituted monocyclic olefins such as 3-"\^»'°P«t"' ^" p 
^lycyclicolefinssuchasnorbomene,1,2-dihydrodicyclopentadieneand14.5.8.d.methano^ 

dronaohthalene and substituted polycyclic olefins such as 1-methylnoibomene. 5-methylnorbomene 5-ethylnor- 
brer^opylnor^ornene. 5-pheny.norbornene. 5-benzylnorbomene. 5-ethylidenenorbomene ^-^^^^^Z' 
5-chloronorbomene 5-fluoronorbornene, 5-chloromethylnorbomene. 5-methoxynorbomene. 7-methylnorbomene. 
ItS^SX^^nen^^ 5.5-dichloronorbornene. 5.5.6-trimethylnorbornene. 5.5.6-trifluorO;6-tnfluoromethybi^- 
tomre7mlyM.4.5 8-dimethano-1.2.3,4,4a.5.8,8a-octahydronapm 

Ts te4;^hydrLph;halene and 2.3-dimethyM.4,5,8-dimethano-1.2,3,4,4a.5,8,8a-octahydr^^^^^ 
Of these compounds, preferred are polycyclic olefins, particularly norbomene or denvatives thereof 
Further, the cyclic diolefins are not particularly limited to. but include norbomadienes represented by the following 



formula (X): 




wherein R". R'*. R«. Rie. Ri7 and Ris may bo the same as or different from each other, and are independently a 

hydrogen atom, a Cvzo alky' 9foup or a halogen atom. ^ „ n ^^thwi o i nr,r 

The norbomadien^ represented by the above Formula (X) include, for example, norbomadiene, ^y'-S.^-r^o " 
bomTd^ne. 2-ethyl-2.5^orbornadiene. 2.propyl-2.5-norbomadiene. 2-butyl-2.5-norbomadiene '"''""f f ^^l ^T 
n^S^ne. 2-hexyl-2 5-nort.omadiene. 2-chloro-2.5-norbomadiene. 2-bromo-2.5-norbornadiene. 2^"°^^-J_f^-norboiT^^^^ 
diene. 7.7-dimethyl-2.5-norbornadiene. 7.7-methylethyl-2.5.norbornadiene, 7.7.dichlorc>2 5-norbomad,ene. -methyl 

1 s nirbomadiene. -ethyl-2,5.norbomadiene. 1-propyl-2.5-norbornadiene. 1.butyl-2 5-norbomad,ene. Inchloro- 

2 5-norbomadiene 1-bromo-2.5-norbomadiene. 7-methyl-2.5-norbomadiene. 7-ethy -2.5^ort«madiene. 7-prapy^ 
2;5-rrb^madiene;7-chloro-2,5-norbomadiene.2.3KJimethyl-2.5-norbomadiene.1.4-d.methyl-2.5-norbo™^ 

1.2,3,4-tetramethyl-2,5-norbomadiene. ^ ■ . . i« <h~o hsiuinn 9 tn 9S 

Further, suitable alpha^lefins to be co^^olymerized with a cyclic olefin include, for example, those having 2 to 25 

carbon ato^ such as ethylene, propylene, butene-1 and 4-methylpentene-1 . a these, ethylene is most preferable 
FurtheMn the p^Less of tf^e present invention, as desired, copoVmerizable unsaturated monomer comportents 

otherthantUab^ve^^^ 

tor example, alpha-olefins other than those listed above, cyclic olefins other than those listed above, and chain dienes 
such as butadiene, isoprene and 1.5-hexadiene. mnt^owior orpff>rabiv from 

As for polymerization conditions, the polymerization temperature may range from -100 to ^SO^^^^'^rab ^ f ro^^ 
-50 to 200°C Further the catalyst is preferably used in an amount to provide a starting monomer/Component (A) molar 
raS^of ^startfng monomer/Component (B) molar ra.to of from 1 to IQB. preferably frorr, '^^^^^:';'^''Z 
time may usually range from 1 minute to 10 hours. The reaction pressure may range from nomial pressure to 100 Kg/ 
cm^G. preferably from normal pressure to 50 Kg/cm^G. h,„„ri,-»i«„ onH 

PoJmerizatL methods are not particularly limtted to. but include bulk polymerization, solution polymenzat«n and 

'Tn"trca^e^r:Sr;otymerization solvents, suitable solvents include aromatic hydrocarbons sue,, as benzene 
toluenajr^ne and ethSltenzeneialicyclte hydrocarbons suchascyclopentane,cyclohex^^^ 

aliphatic hydrocarbons such as pentane. hexane. heptane and octane; and halogenated hydrocarbons such as chlo- 
SS^ and^^7«^thane. These solvents can be used alone or in combination. Monomers such as alpha<,lefins 

Z mo.ru'LrvSiTi the resultant polymer can be controlled by appropr«tely selecting the amount of each 
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catalyst component and polymerization temperature, or by a polymerization reaction in the presence of hydrogen. 
In the case of preparation of cyclic olefin/alpha-olefin copolymers in accordance with the process of the present 

invention, substantially linear, random copolymers having a ratio of a structural unit derived from alphaolefin to a 
structural unit derived from cyclic olefin, of 0.1:99.9 to 99.9 to 0.1. It is possible to confirm, by completely dissolving 
s the resultant copolymer in decallne at 135°C. that the copolymers are substantially liner. In this case, in general, co- 
polymers having ah intrinsic viscosity of 0.01 to 20 dl/g, measured in decalin at ISS^C, can be obtained. 

Cyclic Olefin Copolymers (1): 

10 The cyclic olefin copolymers (I) have (1) 0.1 to 40 nrrol % of the repeating unit of the formula [X] and 60 to 99.9 

mol % of the repeating unit of the formula [Y]; (2) an intrinsic viscosity of 0.01 to 20 dl/g; and (3) a glass transition 
temperature (Tg) of 150 to 370*C. 

In the repeating unit represented by the general Formula [X], is a hydrogen atom or a hydrocarbon group having 
1 to 20 carbon atoms. 

IS As used herein, the hydrocarbon groups having 1 to 20 carbon atoms include, for example, a methyl group, ethyl 

group, isopropyl group, isobutyl group, n-butyl group, n-hexyl group, octyl group and octadecyl group. 

Alpha-olefins which can provide the repeating unit represented by the general Formula [X] include, for example, 
ethylene, propylene, 1-butene, 3-methyl-1 -butene, 4-methyl-1 -pentene, 1-hexene, 1-octene. decene and elcosene. 
In the repeating units represented by the general Formula [Y], R'* to R"* are independently a hydrogen atom, a 
20 hydrocarbon group having 1 to 20 carbon atoms, or a substituent having a halogen atom, oxygen atom or nitrogen atom. 

As used herein, the hydrocarbon groups having 1 to 20 carbon atoms include, for example, alkyi groups having 1 
to 20 carbon atoms such as a methyl group, ethyl group, n-propyl group, isopropyl group, n-butyl group, isobutyl group, 
tert.-butyl group and hexyl group; aryl groups, alkylaryl groups or arylalkyi groups having 6 to 20 carbon atoms such 
as a phenyl group, tolyl group and benzyl group; alkylidene groups having 1 to 20 cartoon atoms such as a methylidene 
2S group, ethylidene group and propylldene group; alkenyl groups having 2 to 20 carbon atoms such as a vinyl group and 
allyl group. However, R^ R^ R^and R9 cannot be an alkylidene group. In addition, if any one of R*, R®, and R^ to R"™ 
is an alkylidene group, a carbon atom to which the alkylidene group is attached, will not have the other substituent. 

Further, the halogen-containing substituents include, for example, halogen groups such as fluorine, chlorine, bro- 
mine and iodine; halogenated alkyI groups having 1 to 20 carbon atoms such as a chloromethyl group, bromomethyl 
30 group and chloroethyl group. 

The oxygen-containing substituents include, for example, alkoxy groups having 1 to 20 carbon atoms such as a 
methoxy group, ethoxy group, propoxy group and phenoxy group; and alkoxycarbonyl groups having 1 to 20 cartxsn 
atoms such as a methoxycarbonyl group and ethoxycarbonyl group. 

The nitrogen-containing substituents include, for example, alkylamino groups having 1 to 20 carbon atoms such 
35 as a dimethylamino group and diethylamino group; and cyano groups. 

Examples of cyclic olefins which can provide the repeating units represented by the general Formula [Y] include: 
norbomene, 5-methylnorbornene, 5-ethylnorbomene, 5-propylnorbomene, 5,6-dimethylnorbornene, 1-methylnor- 
bornene, 7-methylnorbornene. 5,5,6-trimethylnorbomene, 5-phenylnorbornene. 5- benzylnorbomene. 5-ethyli- 
denenorbornene, 5-vlnylnorbomene, 1,4,5,8-dimethano-1.2,3,4,4a,5,8,8a-octahydronaphthalene, 2-methyl- 
40 1 ,4,5,8-dimethano-1 ,2,3.4.4a,5,B,8a-octahydronaphtha!ene, 2-ethyl-1 ,4,5,8-dimethano-1 ,2,3.4,4a,5,8.Ba-octahydro- 
naphthatene.2.3-dimethyl-1 ,4,5,8-dimethano-1 ,2,3,4,4a,5,8,8a-octahydronaphthalene, 2-hexyl-1 ,4,5,8-dimethano- 
1 ,2,3,4,4a, 5,8, 8a-octahydronaphthalene, 2-ethylidene-1,4,5,8-dimethano-1 ,2,3,4, 4a,5.8,8a-octahydronaphthalene, 
2-fluoro-1 ,4,5,8-dimethano-1 ,2,3.4.4a,5,8,8a-octahydronaphthalene, 1 .5-dimethyl-1 ,4,5,8-dimethano-1 ,2,3,4,4a, 
5.8,8a-octahydronaphthalene. 2-cyclohexyl-1 ,4,5,8-dimethano-1 .2,3,4,4a,5,8,8a-octahydronaphthalene, 2.3-dichlo- 
45 ro-1 ,4,5,8-dimethano-1 ,2,3,4.4a,5,8,8a-octahydronaphthalene, 2-isobutyl-1 ,4,5,B-dimethano-1 ,2,3,4,4a,5,8,8a-oc- 
tahydronaphthalene, l ,2-dihydrodicyclopentadiene, 5-chloronorbomene. 5,5-dichloronorbornene, 5-fluoronor- 
bornene. 5.5.6-trifluoro-6-trlfluoromethylnorbomenG, S-chloromethylnorbomene, 5-methoxynorbornene, 5,6-dicarbo- 
xylnorbomene anhydrate, 5-dimethylaminonorbomene and 5-cyanonorbomene. 

The cyclic olefin copolymers (I) are bask:ally composed of the above-mentioned alpha-olefin components and 
so cyclic olefin components. However, as far as the objects of the present Invention can be achieved, the other copoly- 
merizable unsaturated monomer components can be included if desired. 

Such unsaturated monomers which can be optionally copolymerized include (1) alpha-olefins which are listed 
before, but not used as main component; (2) cyclic olefins which are listed before, but not used as main component; 
(3) cyclic diolefins such as dlcyclopentadiene and norbornadiene; (4) chain diolefins such as butadiene, isoprene and 
ss 1 ,5-hexadiene; and (5) monocyclic olefins such as cyclopentene and cycloheptene. 

The cyclic olefin copolymers (I) may have a ratio of repeating unite [X] content (x mol%) to repeating unit [Y] content 
(y mol%) of 0.1 to 40:99.9 to 60, preferably 0.3 to 38:99.7 to 62, most preferably 1 0 to 35:90 to 65. If the repeating unit 
[X] content is less than 0.1 mol%. the resultant copolymer will have poor flowability. If the repeating unit [X] content 
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exceeds 40 mol%, the resultant copolymer will have insufficient heat resistance. 

The cyclic olefin copolymers (I) have an intrinsic viscosity nneasured at 1 35«C in decaline of 0.01 to 20 dl/g. I the 
Intrinsic viscosity is less than 0.01 dl/g, the strength of the resultant copolymer will be remarkably decreased. If the 
Intrinsic viscosity exceeds 20 dl/g. the copolymer will have remarkably poor moldabllity. More preferable intrinsic vis- 
cosity may be 0.05 to 10 dl/g. ^ , UU ^CA 

Further, the cyclic olefin copolymers (I) have a glass transition temperature (Tg) of 150 to 370 C. preferably 160 
to 350''C most preferably 170 to 330°C. If such copolymers having glass transition temperature within these ranges 
are used' the resultant films or sheets can be effective^ used at low temperature. The glass transition temperature 
(Tg) can be controlled by changing the component ratio of the copolymer and the kind of the monomers used, depending 
upon the intended application and required physical properties therefor. 

The cyclic olefin copolymers (I) can be composed of a copolymer having the above-mentioned physical properties 
and also can be composed of such copolymer and a copolymer having physical properties outside of the above ranges. 
In the latter case, the composition should have the physical properties within the above ranges. 

Cvclic Olefin Copolvmers (II): 

The cyclic olefin copolymers (II) have (1) 80 to 99.9 mol % of the repeating unit of the formula [X] and 0.1 to 20 
mol% of the repeating unit of the formula [Y]; (2) an intrinsic viscosity of 0.01 to 20 dl/g; (3) a glass transition temperature 
(Tg) of less than 30*0; and (4) a tesile modulus of less than 2,000 Kg/cm2. 

Further as characteristic feature, the cyclic olefin copolymers (II) have a melt peak measured by DSC of less than 
90«C. The cyclic olefin copolymers (II) also show a crystallization peak measured by DSC (heat down stage) such that 
the sub peak appears on the high temperature side against the main peak. 

In the cyclic olefin copolymers (II) the repeating unit represented by the general Formula [X]or [Y], and unsaturated 
monomers which can be optionally copolymerized, are the same as those described for the cyclic olefin copolymers (I). 

The cyclic olefin copolymers (II) may have a ratio of repeating unit [X] content (x mol%) to repeating unit [Y] content 
(y mol%)of 80to 99 9-20to0.1. preferably 82 to 99.5:18 to 0.5, most preferably 85 to 98:15 to 2. If the repeating unit 
[X] content is less than 80 mol%. the resultant copolymer will have high glass transition temperature and high tensile 
modulus resulting in films or sheets having a poor elongation recovery property, and articles made with a mold having 
poor impact strength and poor elasity. On the other hand, if the repeating unit [X] content exceeds 99.9 mol%. merito- 
rious effects derived from introduction of the cyclic olefin component will not be satisfactory. 

It is preferable that the cyclic olefin copolymers (II) be substantially linear copolymers having no gel cross-linking 
structure in which the repeating units [X] and [Y] are randomly arranged. It can be confirmed by complete dissolution 
of a copolymer in decalin at 1 35*»C that the copolymer does not have a gel cross-linking structure. 

The cyclic olefin copolymers (II) have an intrinsic viscosity measured in decalin at 1 35»C of 0.01 to 20 dl/g. If the 
intrinsic viscosity is less than 0.01 dl/g. the strength of the resultant copolymer will be remarkably decreased. If the 
intrinsic viscosity exceeds 20 dl/g. the copolymer will have remarkably poor moldability. More preferable intrinsic vis- 
cosity may be 0.05 to 10 dl/g. 

The molecular weight of the cyclic olefin copolymers (II) is not particularly limited. However, the cyclic olefin co- 
polymers (11) have preferably a weight average molecular weight (Mw) measured by gel permeation chromatography 
(GPC) of 1 000 to 2 000.000. more preferably 5.000 to 1 ,000,000; a number average molecular weight (Mn) of 500 to 
1 000 000 more preferably 2.000 to 800.000; and a molecular weight distribution (Mw/Mn) of 1 .3 to 4. more preferably 
1 4 to 3. Copolymers having a molecular weight distribution of greater than 4, have high content of tow molecular weight 
components, resulting in that the resultant molded article made with a mold and films may become sticky. 

The cyclic olefin copolymers (II) have a glass transition temperature (Tg) of less than 30°C. If such copolymers 
having glass transition temperature within these ranges are used, the resultant films or sheets can be effectively used 
at low temperature. More preferred glass transition temperature (Tg) is less than 20PC. particularly less than 15 C. 
The glass transition temperature (Tg) can be controlled by changing the component ratto of the copolymer and the 
kind of the monomers used, depending upon the intended application and required physical properties therefor. 

Further the cyclic olefin copolymers (II) preferably have a crystallization degree measured by X-ray diffractiometry 
of less than 40%. If the crystallizatton degree exceeds 40%. the elongation recovery property and transparency may 
be decreased. More preferred crystallization degree is less than 30%, particularly less than 25%. 

The cyclic olefin copolymers (11) should have a tensile modulus of less than 2,000 Kg/cm2 For example, if the 
copolymer having a tensile strength of not less than 2,000 Kg/cm2 is used to prepare a film for packaging, a great 
amount of energy will be required during packaging and beautiful packaging corresponding to an item to be packaged 
cannot be obtained. If such copolymer is used to prepare an article made with a mold, the resultant product may have 
insufficient impact strength. More preferred impact strength is 50 to 1 ,500 Kg/cm2. 

Further the cyclic olefin copolymers (II) preferably show a broad melt peak measured by DSC at lower than 90«C. 
The copolymer having a sharp melt peak at 90»C or higher has insufficient random arrangement of a cyclic olefin 
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component and an alpha-olefin component, resulting in poor elongation recovery property when molded into a film or 
the like. In addition, the broad peak is preferably seen within a range of 10 to SS^C. 

In the DSC measurement, the cyclic olefin copolymers (II) do not exhibit a sharp melt peak. In particular, those 
having low crystallization degree exhibit almost no peaks at the measurement conditions for conventional polyethylene. 
5 Further, the cyclic olefin copolymers (II) preferably exhibit crystallization peaks measured by DSC (temperature 

decrease measurement) such that at least one relatively small sub peak appears on the high temperature side against 
the main peak. 

Because of these good thermal properties in addition to the above-mentioned physical properties of the molded 
articles, including broad range of molding temperature, high quality molded articles such as films can be stably pro- 
10 duced. 

The cyclic olefin copolymers (II) can be composed of a copolymer having the above-mentioned physical properties 
and also can be composed of such copolymer and a copolymer having physical properties outside of the above ranges. 
In the latter case, the composition should have the physical properties within the above ranges. 

IS Cyclic Olefin Copolymer Compositions: 

The first cyclic olefin copolymer compositions comprise (a) 100 pats by weight of a cyclic olefin copolymer (II) and 
(b) 0.01 to 10 parts by weight of an anti-blocking agent and/or a lubricant. The second cycle olefin copolymer compo- 
sitions further comprise (c) 1 to 100 parts by weight of an alpha-olefin based polymer in addition to Components (a) 

20 and(b). 

In the cyclic olefin copolymer compositions anti-blocking agents, Component (b) are not particularly limited to, but 
include, for example, oxides, fluorides, nitrides, sulfates, phosphates and carbonates of metals, and double salts there- 
of. More specifically, the anti-blocking agents include, for example, silicon oxide, titanium oxide, zirocinum oxide, alu- 
minum oxide, aluminosilicate. zeolite, diatomaceous earth, talc, kaolin ite, sericite, montmorillonlte, hectolite. calcium 

2S fluoride, magnesium fluoride, boron nitride, aluminum nitride, calcium sulfate, strontium sulfate, barium sulfate, calcium 
phosphate, strontium carbonate, barium phosphate, calcium carbonate, strontium carbonate and barium carbonate. 

Further, lubricants which can be used as Component (b) are also not particulariy limited to, but include higher 
aliphatic hydrocarbons, higher fatty acids, fatty acid amides, fatty acid esters, fatty acid alcohols, polyhydirc ateohols 
and the tike. These lubricants can be used alone or in combination. 

30 More specifically, suitable lubricants include, for example, liquid paraffin, natural paraffin potyehtylene wax, fluor- 

ocarbon oil, lauric acid, palmitic acid, stearic acid, isostearic acid, hydroxylauric acid, hydroxystearic acid, olete acid 
amide, lauric acid amide, erucic acid amide, methyl stearate, butyl stearate, stearyl alcohol, cetyl ateohol, Isocetyl 
alcohol, ethylene glycol, diethylene glycol and fatty acid monoglyceride. 

In addition, it is possible to use the anti-blocking agent alone, the lubricant alone or combinations thereof. 

3S In the cyclic olefin copolymer compositions, alpha-olefin based polymers. Component (c) are homopolymers or 

copolymers prepared from, as one component, an alpha-olefin represented by the following general formula: 

CH2=CHR^^ 

40 

wherein R^^ is a hydrogen atom or an alkyi group having 1 to 20 carbon atoms, provided that the cyclic olefin copolymers 
(II), the above-mentioned Component (a) are excluded. 

More specifically, suitable alpha-olefin based polymers, Component (c) include, for example, polyethylene, an 
ethylene/1 -butene copolymer, an ethylene/4-methyl-1-pentene copolymer, an ethylene/1 -hexene copolymer, an ethyl- 

45 ene/1-octene copolymer, an ethylene/vinyl acetate copolymer, an ethylene/acrylic acid copolymer, its metal salt, poly- 
propylene, a propylene/ehtylene copolymer, a propylene/1 -butene copolymer, a poly-l-butene/ethylene copolymer, a 
1-butene/propylene copolymer, a l-butene/4-methyl-1-pentene copolymer, a poly-4-methyl-1 -pentene. poly-3-methyl- 
1 -butene. Of these polymers, polyethylene, an ethylene/1 -butene copolymer, an ethylene/1 -hexene copolymer and an 
ethylene/1 -octene copolymer are more suitable. 

so The above first compositions comprise 0.01 to 10 parts by weight, preferably 0.02 to 8 parts by weight, more 

preferably 0.05 to 5 parts by weight of an anti-blocking agent and/or a lubricant, Component (b), based on 100 parts 
by weight of the cyclic olefin copolymer (II), Component (a). 

The above second composition further comprise 1 to 100, preferably 2 to 80. more preferably 3 to 50 parts by 
weight of an alpha-olefin based polymer, Component (c), based on 100 parts by weight of the cyclic olefin copolymer 

ss (II), Component (a) in addition to the anti-blocking agent and/or the lubricant. Component (b). In the second composi- 
tions, the addition of the alpha-olefin based polymer. Component (c) can make it possible to reduce the amount of 
Component (b) used and can also solve problems such as bleeding out. 

In the first and second compositrans, if the amount of Component (b) added is less than 0.01 parts by weight, the 
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compositions will have too large adhesiveness, resulting in poor nr,oldability. If the amount exceeds 10 parts by weight. 

*''rrrTnr!e^>n?r;osft^s, « the amount ot Component (c) added is less than 1 part by weight, the 
rneritonous eflec! derived from addition of the alpha<>lefin polymer cannot be expected f the arnount exceeds lOo 
paSweight,theelongationrecove,y property wiHbeinsutficientJnad 

of the present invention may comprise the other additives such as stabilizers such as an antioxKlant and UV-absorbant. 

^"tr^n-iisL^^^^^^^^^^^ 

invention However, the compositions can be effectively produced by mixing each of components in a molten state^ 
cSntional^tt-mfacing machines which can be used include, for example, open type ories such as a m,x,ng roll and 
closedtvoeonessuchasaBunburymixer.extruder.kneader, continuous mixer and the like 

tn Si^n fs also preferable to add additives such as Component (b) to the compositions, by preliminarily add 
such additives to a cyclic olefin copolymer or an alpha^>lefin based resin to prepare a master batch. 



Molded Articles: 



The cyclic olefin copolymers (I) and (II), and the cyclic olefin copolymer compositions described above can be 
,TK,ld^d into ilms Sheets and other 'various molded articles by known methods. For exarnple. the cychc o^^c^_ 
^rs or cmiposi ions can be subjected to extrusion molding, injection molding, blow molding or rotation molding wrth 
u^orL uTS eTu^er. vent type extruder, biaxial screw extruder, biaxial conical screw extruder, cokneader. prm- 
«mZ^er.pCetary^^^^^^ 

ran he orc»duced bv a T-die method, inflation method or the like. ... 

Tn rSion the ^clic olefin copotymer compositbns described above can be direct^ subjected to Prooe-^^^^ 
during the pro<^uction of the composition it necessaiy. In the practice of process^g. known additives -^^^^^^ 
stabiLr, light stabilizer, antistatic agent, slipping agent, anti-blocking agent, deodorant. Iubr«ant. synthesized o,l, 
natural oil inorganic or organic filler, dye and pigment, can be added If desired. .,„„i„,»„^o 

ClsorsheetsobtLedfromthecyclicolefincopolymers(l)asdescribed^ 
transoarencv strength and hardness, and thus can be effectively used in an optical, medical, and food field or the l*e^ 

^,e IS or Sheets made from the cyclic olefin copolymers (II) have a good elongatton recovery property, good 
trans^arlS suable elasity and well-baLnced physical properties, and thus can be effectively used a packaging. 

"^^Z^Z^^^'Z mide of the cyclic olefin copolymers (I.) are superior in v-ious properties such^ 
transDiency an elongation recovery property, adhesiveness, a tensile property, stabbing strength, tear strength, low 
Zp^u^sZ^^Lm. The w«pping films have no problems f «,m a food sanitary view point and from a waste 

elasLLimpact strength, and thus can be used as various products such as automotwe parts, parts for home elec- 
tronics appliances, electric wire coating parts, goods or materials for construction. 

40 [EXMXPLBS] 

The present invention will be described in more detail with reference to the following Examples and Comparative 
Examples, which are not construed as limiting. »»f«ii«u„c 
in the Examples and Comparative Examples, physical properties were measured as tallows. 



45 



50 



Mw. Mn. Mw/Mn 



In Examoles 1 to 73 the weight average molecular vreight (Mw), number average molecular weight (M") and 
moliuS height iiluibmirn (MwL) were measured wfth GPC-880 manufactured by Nihon Bunkoh (co'umn. TSK 
GMnTi r manutci^red by Tosoh; GL-A120 X 1 and GL-A130 X 1 manufactured by Hitachi) under the foltowng 
conditions: 



Solvent: Chloroform 
Temperature: 23°C 
55 Standard Polymer: Polystyrene. 



In the other Examples and Comparath^e Examples, Mw. Mn. and Mw/Mn were measured with ALC/GPC-150C 
manufactured by Waters (column: TSK GMH^ X 2 manufactured by Tosoh) under the following condrtions. 
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Solvent: 1 ,2,4-trichlorobenzene 

Temperature: 135*0 

Standard Polymer: Polyethylene. 

s Intrinsic Viscosity [ti1 

The intrinsic viscosity was measured in decaline at 135°C. 

Nort)ornene Content 

The norbornene content was calculated from a ratio of the sum of a peak measured by ""^-NMR appearing at 30 
ppm and derived from ethylene and a peak derived from a methylene group in the 5th and 6th positions of the nor- 
bornene; to a peak appearing at 32.5 ppm and derived from a methylene group in the 7th position of the norbornene. 

IS Degree of Cn^stallization 

A specimen was prepared by heat pressing. The speciment was evaluated at room temperature by X-ray diffrac- 
tiometry. 

20 Glass Transition Temperature (Tq) 

As a measurment equipment, VIBRON II -E A manufactured by Toyo Bowlding was used. A specimen having a 
width of 4 mm, a length of 40 mm and a thickness of 0.1 mm was evaluated at a heat up rate of S'C/min. and at a 
frequency of 3.5 Hz. The glass tansition temperature was calculated from the peak of the loss modulus (E") measured 
2S in the above manner. 

Softening Point (TMA) 

A copolymer was heated to 250*0 to prepare a press sheet having a thickness of 0.1 mm. A specimen was cut 
30 out of the press sheet, and evaluated for softening point (TMA). The TMA is the temperature when the specimen was 
torn off by heating the specimen at a heat up rate of ia*0/mln while a load of 3 g/mm^ was applied to the specimen. 
The TMA was measured by TMA-100 manufactured by Seiko Electronics. 

Melting Point ffm) 

The melting point was measured with DSO (7 series manufactured by Parkln-Elmar) at a heat up rate of 10*0/ 
min. The melting point was measured at between <50*C and 150*0. 

On^stallization Temperature 

40 

The crystallization temperature was measured by heating a specimen with DSC (7 series manufactured by Parkin- 
Elmar) at a heat up rate of 10*C/min. up to 150*0, keeping it for 60 seconds, and then cooling it at a heat down rate 
of 10*C/min. up to -50*0. 

45 Tensile Modulus 

The tensile modulus was measured with an autograph in accordance with J1S-K711 3. 

Tensile Strength at Break 

so 

The tensile strength at break was measured with an autograph in accordance with JIS-K7113. 
Elongation at Break 

55 The elongation at break was measured with an autograph in accordance with JIS-K711 3. 
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75 



20 



25 



Elastic Recovery 

A specimen having a width of 6 mm and a length between clamps (U) of 50 mm. was extended "P ^^^^^^^ 
an autograph at a pulling rate of 62 mm/min.. and kept for 5 minutes. Then, the specimen was allowed to shr nk without 
reZndirS One minute later, the lenth between clamps (L,) was measured. The elastic recovenr was calculated ,n 

accordance with the following equation. 

Elastic Recovery = [1-{(L^-Lo)/Lo}l X 100 

Inthlscase. preferableelongatlonrecovery rate nnay beat least 10%. more preferably at least 30%. most preferably 
at least 60%. 

All Light Transmittance. Haze 

The all light transmittance and haze were measured with a digital haze computer manufactured by Suga Testing 
Equipment in accordance with JIS-K7105. 

Heat Seal Temperature 

A specimen (4 cm X 20 cm) was heat sealed by pressing the heat seal portion (10 mm x 15 mm) at a pressure 
of 2 Kg/cm2 tor one second. Thirty minutes later, the specimen was pulled to separate the heat seal portion at a puHing 
rate of 200 mm/min until the heat seal was broken. The heat seal temperature was the temperature when the strength 
to pull the specimen reached 300 g. 



Elemendorf Tear Strength 

The Elemendorf tear strength was measured in accordance with JIS-P8116. 

30 Self Adhesiveness 

The sell adhesiveness was evaluated by obsen/ing if the films pressed together was separated after a certain 
period of time. 

35 Stabbing Strength 

The load when a specimen was stabbed with a needle having a tip radius of 0.5 mm at a stabbing rate of 50 mnn/ 
min., was measured. 

40 izod Impact Strength 

The izod impact strength was measured in accordance with JIS-K7110. 
Molding Shrinkage Factor 

Iniuction molding was carried out with a mold (70 mm x 70 mm X 20 mm) to prepare a molded article. After the 
molded article was allowed to stand at 23'C for 24 hours, the shrinkage factor was measured by companng the size 
of the molded article with the size of the mold. 

so Gas Permeability 

The gas pemieability was measured at 23«C in accordance with Process A (differential pressure process) of JIS- 
K7126. 

55 Moisture Permeability 

The moisture permeability was measured at 40°C at a comparative moisture of 90% in accordance with the cup 
process (Conditions B) of JIS-Z0208. 



45 
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Olsen Stiffness 

The olsen stiffness was measured in accordance with JIS-K7106. 
s Shore Hardness 

The shore hardness was measured in accordance with JIS-K7215. 
Example 1 

10 

(1) Preparation of Triethylammonium Tetrakis(pentafluorophenyl)borate: 

Penlafluorophenyilithium prepared from bromopentafluorobenzene (152 mmol) and butyllithium (152 mmol), was 
reacted with 45 mmol of boron trichlorode in hexane to obtain tris(pentafluorophenyl)boron as a white solid product. 
IS The obtained tris(pentafluorophenyl)boron (41 mmol) was reacted with pentafluorophenyllithium (41 mmol) to isolate 
lithium tetrakis(pentafluorophenyl)borate as a white solid product. 

Further, lithium tetrakis(pentafluorophenyl)borate (16 mmol) was reacted with triethylamine hydrochloride (16 
mmol) in water to obtain 1 2.8 mmol of triethylammonium tetrakrs(pentafluorophenyI)borate as a white solid product. 

It was confirmed by ""H-NMR and ^^C-NMR that the reactran product was the target product. 

20 

^H-NMR (THFdg): 

-CHg 1.31 ppm 
-CHg- 3.27 ppm 

13C-NMR: 

-CeFs 1 50.7. 1 47.5, 1 40.7, 1 38.7, 1 37.4. 1 33.5 ppm 
-CHg- 48.2 ppm 
30 -CHg 9.1 ppm 

(2) Preparation of Catalyst: 

One milimol of (cyclopentadienyl)trimethyl2irconium was reacted with 1 mmol of triethylammonium tetrakis(pen- 
35 tafluorophenyl)borate in 50 ml of toluene at room temperature for four hours. After the solvent was removed, the ob- 
tained solid product was washed with 20 ml of petroleum ether, dried and dissolved in 50 ml of toluene to obtain a 
. ^ ..catalyst solution. . . _ 

(3) Polymerization: 

40 

A 100 ml flask was charged with 25 mmol of cyclopentene. 0.05 mmol of the catalyst (as transition metal compo- 
nent), and 25 ml of toluene. Then, the reaction was carried out at 20**C for 4 hours. The reaction product was placed 
into methanol and the precipitated white solid product was recovered by filtration. Then, the obtained product was 
washed vyith methanol and dried. The yield was 0.61 g. 
45 The polymerization activity was 0. 1 3 Kg/gZr (12 Kg/mol-Zr). As a result of molecular weight measurement by GPC, 

it was found that the obtained product had a Mw of 8.200 and a Mw/Mn of 2.6. 

Further, it was found by ^H-NMR that the obtained product did not show absorption derived from a carbon-carbon 
double bond at 5.7 ppm, and by infrared spectrophotometry that the obtained product was polymerized with keeping 
the rings therein. 

so 

Example 2 

In a 100 ml flask, 25 mmol of cyclopentene, 0.05 mmol of (cyclopentadienyOtribenzylzirconium, and 0.05 mmol of 
triethylammonium tetrakis(pentafluorophenyl)borate were reacted in 50 ml of toluene at 20*C for 4 hours. Thereafter, 
55 the reaction mixture was placed into 100 ml of methanol and the precipitated white solid product was recovered by 
filtratk>n. Then, the obtained product was washed with 50 ml of methanol, and dried under reduced pressure to obtain 
0.58 g of white powders. 

The polymerization activity was 0. 1 3 Kg/gZr (12 Kg/mol-Zr). As a result of molecular weight measurement by GPC, 
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it was found that the obtained product had a Mw of 9.400 and a Mw/Mn of 2.6. 
Example 3 

in a 100 ml flask. 25 mmol of rwrbornene (in a 70 wt.% norbornene solution containing the sanie solvent as that 
for polymerization: this procedure will follow throughout the examples and comparative examples as described below). 
0 05 mmol of (pentamethylcyclopentadienyl)trimethylzirconium. and 0.05 mmol of triethylammonium tetrak.s(pen- 
taSuorophenyliorate were reacted, while stirring, in 50 ml of toluene at 20'C for 4 hours. Thereafter, the reaction 
mixture was placed into 100 ml of methanol. A white solid product was precipitated, recovered by filtration, and then 

dried to obtain 0.51 g of a solid product. . . . u.. /^n/^ 

The polymerization activity was 0.11 Kg/gZr (10 Kg/mol-Zr). As a result of molecular weight measurement by GPC. 
it was found that the obtained product had a Mw of 12.000 and a Mw/fwin of 2.3. 

Example 4 

To a 500 ml glass vessel. 200 ml of dried toluene and 21 mmol of norbornene were charged and ethylene gas was 
Durqed at SO-C for 10 minutes. Thereafter, 0.05 mmol of bis(cyclopentadienyl)dlmethylzirconium, and 0.05 mmol of 
Uiethylammonlum tetrakis(pentafluorophenyl)borate were added to the reaction vessel '^J^j^^'^ '^r^"^°^: 
After the polymerization was carried out at 50»C for 1 hour, the polymerization was terminated by addition of methanol. 
The reaction product was recovered by filtration, and dried to obtain 1.8 got a copolymer. 

The polymerization activity was 0.39 Kg/gZr (36 Kg/mol-Zr). The obtained product had an intrinsic viscosrty of 1 .38 
dl/g and a norbornene content of 12 mol%. 

Example 5 

(1) Preparation of Catalyst: 

One milimol of ethylenebis(indenyl)dimethylzlrconium was reacted with 1 mmol of triethylamrnonium tetraki8(pen- 
tafluorophenyl)borate in 50 ml of toluene at 20»C for 4 hours. Afterthe solvent was removed, the obtained solid product 
was washed with 20 ml of petroleum ether, dried and dissolved in 50 ml of toluene to obtain a catalyst solution. 

(2) Polymerization: 

A 100 ml flask was charged with 25 mmol of cyclopentene. 0.05 mmol of the catalyst (as transition metal compo- 
nent), and 25 ml of toluene. Then, the reaction mixture was reacted at 20'C for 4 hours, ^^^e reaction Product was 
placed into methanol and the precipitated white solid product was recovered by filtration to obtain 0.84 g of a whrte 

^°''T?iT^^.lJmerization activity was 0.18 Kg/gZr (16.8 Kg/mol-Zr). As a result of molecular weight measurement by 
GPC it was found that the obtained product had a Mw of 7.800 and a Mw/Mn of 2.8. 

Further it was found by iH-NMR that the obtained product did not show absorption derived from a carbon-carbon 
double bond at 5.7 ppm. and by infrared spectrophotometry that the obtained product was polymerized with keeping 
the rings therein. 

Example 6 

In a 100 ml flask, 25 mmol of cyctopentene. 0.05 mmol of ethylenebis(indenyl)dimethylzirconium, and 0.05 mmol 
oftriethylammoniumtet,aki8(pentafluorophenyl)boratewerereactecdinS0mloftoluene.Afterther^ 
out at 20°C for 4 hours, the reaction product was placed into 100 ml of methanol. The precipitated while «5l.d product 
was recovered by filtiatton, washed with 50 ml of methanol, and dried under reduced pressure to obtain 0.63 g of white 

"""T^Tpolymerization activity was 0.14 Kg/gZr (12.6 Kg/mol-Zr). As a result of molecular weight measurement by 
GPC. it was found that the obtained product had a Mw of 9.000 and a Mw/Mn of 2.7. 

Example 7 

In a 100 ml flask 25 mmol of norbornene. 0.05 mmol of ethylenebls(indenyl)dimethylzirconium, and 0.05 mmol of 
triethylammonium tetrakl8(pentafluorophenyl)borate were reactecd in 50 ml of toluene. After, the reaction was carried 
out while stirring at 20»C for 4 hours, the reaction mixture was placed into 100 ml of methanol. A white solid product 
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was precipitated, recovered by filtration, and dried to obtain 0.49 g of a solid product. 

The polymerization activity was 0.11 Kg/gZr (9.8 Kg/mol-Zr). As a result of rrralecular weight measurement by 
GPC. It was found that the obtained product had a Mw of 10,500 and a Mw/Mn of 2.1 . 

5 Example 8 

The procedures of Example 7 were repeated except that ferrocenium tetrakis(pentafluorophenyl)borate was used 
Instead of triethylammonium tetrakls(pentafluorophenyl)borate. The yield was 0.82 g. 

The polymerization activity was 0.18 Kg/gZr (16.4 Kg/mol-Zr). As a result of molecular weight measurement by 
10 GPC, It was found that the obtained product had a Mw of 9.800 and a Mw/Mn of 2.6. 

Example 9 

The procedures of Example 7 were repeated except that silver tetrakis(pentafluorophenyl)borate was used Instead 
IS of triethylammonium tetrakis(pentafluorophenyl)borate. The yield was 0.56 g. 

The polymerization activity was 0.12 Kg/gZr (11.2 Kg/mol-Zr). As a result of molecular weight measurement by 
GPC. it was found that the obtained product had a Mw of 8,900 and a Mw/Mn of 2.4. 

Example 10 

The procedures of Example 7 were repeated except that trrtyl tetrakis(pentafluorophenyl)borate was used Instead 
of triethylammonium tetrakis(pentafluorophenyl)borate. The yield was 0.64 g. 

The polymerization activity was 0.14 Kg/gZr (12.8 Kg/mol-Zr). As a result of molecular weight measurement by 
GPC. it was found that the obtained product had a Mw of 9,100 and a Mw/Mn of 2.3. 

2S 

Example 11 

A glass vessel purged with argon, was charged with 100 ml of toluene. 25 mmol of cyclopentene, 0.01 mnnol of 
triethylammonium tetrakis(pehtafluorophenyl)borate, 0.2 mmol of triisobutylaluminum and 0.01 mmol of ethylenebis 
30 (indenyl) dimethylzirconium. The reaction was carried out at 20°C for 1 hour, and tenminated by placing the reaction 
mixture Into methanol. The white solid product was recovered by filtration, and dried to obtain 0.85 g of a white solid 
product. 

The polymerization activity was 0.93 Kg/gZr (85 Kg/mol-Zr). As a result of molecular weight measurement by GPC, 
It was found that the obtained product had a Mw of 11 .000 and a Mw/Mn of 2.3. 

3S 

Example 12 

To a 500 ml glass vessel, 200 ml of dried toluene and 25 mmol of norbornene were charged and ethylene gas was 
purged at 50*'C for 10 minutes. Thereafter, 0.01 mmol of ethylenebis(indenyl)dlmethy {zirconium and 0.01 rnmol of 
40 triethylammonium tetrakls(pentafluorophenyl)borate were added to the reaction vessel to initiate the polymerization. 
After the polymerization was carried out at 50°C for 1 hour, the polymerization was terminated by addition of methanol. 
The reaction product was recovered by filtration, and dried to obtain 2.1 g of a copolymer. 

The polymerization activity was 2.3 Kg/gZr (210 Kg/mol-Zr). The obtained product had an intrinsic viscosity of 1 .40 
dl/g and a norbornene content of 10 mol%. 

45 

Example 13 

To a 500 ml glass flask, 200 ml of dried toluene. 21 mnrral of norbomene, 0.2 nrvnol of triisobutylaluminum, 0.01 
mmol of ethylenebls(indenyl)dimethylzirconium, and 0.01 mmol of triethylammonium tetrakis(pentafluorophenyl)borate 
so were charged and kept at 50'C for 10 minutes. Thereafter, the polymerization was carried out for 1 hour while intro- 
ducing ethylene gas. The polymerization was terminated by addition of methanol. The obtained copolymer was recov- 
ered by filtration, and dried to obtain 6.3 g ot a solid product. 

The polymerization activity was 6.9 Kg/gZr (630 Kg/mol-Zr). The obtained product had an intrinsic viscosity of 2. 1 5 
dl/g and a norbomene content of 8 mol%. 

55 

Example 14 

To a 500 ml glass vessel, 200 ml of dried toluene and 25 mmol of norbomene were charged and ethylene gas was 



19 



EP0 504 418B1 



purged at 50°C for 10 minutes. Thereafter. 0.05 mmol of dimethylsilylenebis(cyclopentadienyl)dimethylzirconium, and 
0 05 mmol of triethylammonium tetrakis(pentafluoropheny!)borate were added to the reaction vessel to initiate tlie 
polymerization. After the polymerization was carried out at 50°C for 1 hour, the polymerization was terminated by 
addition of methanol. The reaction product was recovered by filtration, and dried to obtain 4.0 g of a copolymer 

The polymerization activity was 0.88 Kg/gZr (80 Kg/mol-Zr). The obtained product had an intrinsic viscosity of 1 .36 
dl/g and a norbomene content of 38 mol%. 



Comparative Example 1 

A glass vessel purged with argon, was charged with 100 ml of toluene, 25 mmol of cyclopentene. 0.2 mmol of 
aluminoxane and 0.05 mmol of ethylenebis{indenyl)dichlorozirconium. The reaction was carried out at 20«C for 1 hour, 
but a polymer was not obtained. 



Comparative Example 2 

To a 500 ml glass vessel, 200 ml of dried toluene and 21 mmol ot norbomene were charged and ethylene gas was 
purged at 50'C for 10 minutes. Thereafter, 0.2 mmol ot aluminoxane and 1.25 x 10-2 mol of bis(cyclopentadienyl) 
dichlorozirconium were added to the reaction vessel to initiate the polymerization. The polymerization was earned out 
at 20*C for 1 hour, but a polymer was not obtained. 



Comparative Example 3 

A 500 ml glass flask was charged with 200 ml of dried toluene and 21 mmol of norbomene. To the flask, 0.2 mmol 
of aluminoxane and 0.01 mmol of dimethylsilylenebis(cylcopentadienyl)dichloroziroconium were further added, and 
the reaction mixture was kept at 50'C for 10 minutes. Thereafter, the polymerization was carried out for 1 hour while 
introducing ethylene gas, but a polymer was not obtained. 



Example 15 

(1) Synthesis of [Cp2Fe][B(C6F5)4] (in accordance with techniques described in Jolty, W. L. The Synthesis and 
Characterization of Inorganic Compounds; Prentice-Hall: Englewood Cliffs. NJ. 1970, P487): 

Ferrocene (3.7 g. 20.0 mmol) was reacted with 40 ml of concentrated sulfuric acid at room temperature for one 
hour to obtain very dark blue solution. The obtained solution was placed in 1 litter of water with agitation to obtain 
slightly dark blue solution. The obtained solution was added to 500 ml of an aqueous solution of Li[B(C6F5)4] (1 3.7 g. 
20 0 mmol Synthesized in accordance with a process described in J. Organometal. Chem.. 2 (1964) 245). The light 
blue precipitate was taken by filtaration and then washed with 500 ml of water five times. Then, the washed product 
was dried under reduced pressure to obtain 14.7 g (17 mmol) of the target product, [ferrocenium tetrakis(pentafluor- 
ophenyl)borate. 



(2) Polymerization: 



A 1 litter autoclave was charged with 400 ml of dried toluene. 0.05 mmol of ferrocenium tetrakis(pentafluorophenyl) 
borate. 0 05 mmol of bis(cyclopentadienyl)dimethylzirconium and 100 mmol of norbomene. Then, the polymerization 
45 was carried out at 50»C at an ethylene pressure of 5 Kg/cm2 for 4 hours to obtain 5.3 g of a copolymer. The polymer- 
ization activity was 1 .2 Kg/gZr. 

The obtained copolymer had a norbomene content of 2 mol%; an intrinsic viscosity of 2.24 dl/g; and a crystallization 

degree of 8%. 



50 Example 16 

A 1 litter autoclave was charged with 400 ml of dried toluene. 0.6 mmol of triisobutylaluminum. 0,03 mmol of 
ferrocenium tetrakis(pentafluorophenyl)borate. 0.03 mmol of bis(cyclopentadienyl)dimethylzirconium and 200 mmol of 
norbomene. Then, the polymerization was carried out at 50°C at an ethylene pressure of 5 Kg/cm2 for 0.5 hours, and 
55 terminated by additton of methanol. The reaction product was recovered by filtration, and dried to obtain 71 g of a 
copolymer. The polymerization activity was 26 Kg/gZr. 

The obtained copolymer had a nortsomene content of 7 mol%: an intrinsic viscosity of 2. 1 0 dl/g; and a crystallization 

degree of 6%. 
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Example 17 

The procedures of Example 16 were repeated except that 1 ,V-dimethylferrocenium tetrakis(pentafluorophenyl) 
borate was used instead of ferrocenium tetrakis(pentafluorophenyl)borate. As a result, 64 g of a copolymer were ob- 
tained. The polymerization activity was 23 Kg/gZr. 

The obtained copolymer had a norbornene content of 7 rhol%; an intrinsic viscosity of 1 .72 dl/g; and a crystallization 
degree of 7%. 

Example 18 

The procedures of Example 16 were repeated except that dimethylanllinium tetrakis(pentaf)uorophenyl)borate was 
used instead of ferrocenium tetrakis(pentafluorophenyl)borate. and the polymerization temperature was changed to 4 
hours. As a result, 30 g of a copolymer were obtained. The polymerization activity was 11 Kg/gZr. 

The obtained copolymer had a norbornene content of 7 mol%; an intrinsic viscosity of 1 .54 dl/g; and a crystallization 
degree of 8%. 

Example 19 

A 1 litter autoclave was charged with 400 ml of dried toluene, 0.4 mmol of triisobutylaluminum, 0.02 mmol of 1,1'- 
dimethylferrocenium tetrakis(pentafluorophenyl)borate, 0.02 mmol of bis(cyclopentadiGnyl)dimethylzirconium and 260 
mmol of norbomene. Then, the polymerization was carried out at 5QPC at an ethylene pressure of 5 Kg/cm^ for 1 hour, 
to obtain 95 g of a copolymer. The polymerization activity was 52 Kg/gZn 

The obtained copolymer had a norbomene content of 7 mol%; an intrinsic viscosity of 1 .69 dl/g; and a crystallization 
degree of 7%. 

Example 20 

The procedures of Example 1 6 were repeated except that the amount of norbornene added was changed to 250 
mmol, and the polymerization temperature was changed to 70**C. As a result, 105 g of a copolymer were obtained. 
The polymerization activity was 38 Kg/gZr. 

The obtained copolymer had a norbornene content of 5 mol%; an intrinsic viscosity of 2. 1 5 dt/g; and a crystallization 
degree of 8%. 

Example 21 

The procedures of Example 20 were repeated except that the amount of norbornene added was changed to 350 
mmol. As a result, 63 g of a copolymer were obtained. The polymerization activity was 23 Kg/gZr. 

The obtained copolymer had a norbomene content of 10 mol%; an intrinsk; viscosity of 1.89 dl/g; and a crystalli- 
zation degree of 5%. 

Example 22 

The procedures of Example 16 were repeated except that bis(pentamethylcyclopentadienyl)dimethylzirconium 
was used Instead of bis(cyclopentadienyl)dtmethylzirconium, and the polymerization time was changed to 4 hours. As 
a result, 85 g of a copolymer were obtained. The polymerization activity was 31 Kg/gZr. 

The obtained copolymer had a norbornene content of 4 moI%; an intrinsic viscosity of 2.32 dl/g; and a crystallization 
degree of 9%. 

Example 23 

The procedures of Example 16 were repeated except that bis(cyclopentadienyl)dimethylhafnium was used instead 
of bis(cyclopentadienyl)dimethylzlrconium. As a result. 53 g of a copolymer were obtained. The polymerization activity 
was10Kg/gZr. 

The obtained copolymer had a norbomene content of 7 jmo\%; an intrinsic viscosity of 1 .77 dl/g; and a crystallization 
degree of 7%. 
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Example 24 

The procedures of Example 16 were repeated except that bis(cyclopentadienyl)dibenzylzirconium was used in- 
stead of bis(cyclopentadienyl)dim8thylzirconium. As a result. 74 g ot a copolymer were obtained. The polymerization 

The'^obSned Solymer had a norbornene content of 6 mol%; an intrinsic viscosity of 1 .85 dl/g; and a crystallization 
degree of 8%. 

Example 25 

The procedures of Example 22 were repeated except that dimethylsilylenebis(cyclopentadienyl)dimethylzirconlurn 
was used instead of bis(pentamethylcyclopentadienyl)dimethylzirconium. As a result, 39 g of a copolymer were ob- 
tained. The polymerization activity was 14 Kg/gZr. ^»^r.,rf=lli 

The obtained copolymer had a norbornene content of 72 mol%; an intrinsic viscosity of 2.11 dl/g; and a crystalli- 
zation degree of 0%. 

Comparative Example 4 

The procedures of Example 15 were repeated except that ferrocenium tetrakis(pentafluorophenyl)borate was not 
used. As a result, a polymer was not obtained. 

Comparative Example 5 

The procedures of Example 15 were repeated except that bis(cyclopentadienyl)dimethylzirconlum was not used. 
As a result, a polymer was not obtained. 

Example 26 

The procedures of Example 16 were repeated except that bis(cyclopentadlenyl)dimethoxyzirconium was used 
instead of bis(cyclopentadienyl)dimethylzirconium. As a result, 46 g of a copolymer were obtained. The polymerization 

^*^'^T?[e**teined^^lymer had a norbornene content of 7 mol%; an intrinsic viscosity of 2.74 dUg; and a crystallization 
degree of 6%. 

Example 27 

A 1 litter autoclave was charged with 400 ml of dried toluene. 0.6 mmol of trilsobutylaluminum and 0.015 mmol of 
bis(cyclopentadienyl)dichlorozirconium. After agitation. 0.045 mmol of ferrocenium tetrakis(penlanuorophenyl)borate 
and 200 mmol of norbornene were added to the reaction mixture. The polymerization was carried out at 5^C at an 
ethylene pressure of 5 Kg/cm^ for 0.5 hours, to obtain 65 g of a copolymer. The polymerization activity vras 48 Kg/gZr. 

The obtained copolymer had a norbornene content of 8 mol%; an intrinsic viscosity of 2.30 dl/g; and a crystallization 
degree of 5%. 

Example 28 

The procedures of Example 24 were repeated except that bls(cyclopentadienyl)dibenzylziiconlum and ferrocenium 
tetrakis(pentafluorophenyl)borate were used in an amount of 0.01 5 mmol. respectively. As a result. 84 g of a copolymer 
were obtained. The polymerization activity was 62 Kg/gZr. 

The obtained copolymer had a norbornene content of 6 mol%; an intrinsic viscosity of 2. 1 3 tiUff. and a crystallization 

degree of 6%. 
Example 29 

The procedures of Example 27 were repeated except thatbis(cyclopentadienyl)monochloromonohydridezirconium 
was used instead of bis(cyclopentadienyl)dichlorozirconium. As a result. 62 g of a copolymer were obtained. The po- 
lymerization activity was 45 Kg/gZr. ... J ^,.t<>ilWo<ir» 

The obtained copolymer had a norbornene content of 8 mol%; an intrinsic viscosity of 2.34 dl/g: and a crystallization 

degree of 5%. 
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Example 30 

The procedures of Example 16 were repeated except that (cycloperitadienyl)trimethylzirconium was used instead 
of bis(cyclopentadjenyl)dimethylzlrconium. As a result. 68 g of a copolymer were obtained. The polymerization activity 
s was 25 Kg/gZr. 

The obtained copolymer had a norbornene content of 7 mol%; an intrinsic viscosity of 2.22 dl/g; and a crystallization 
degree of 6%. 

Example 31 

10 

The procedures of Example 22 were repeated except that tetrabenzylziroonium was used instead of bis(pentam- 
ethylcyclopentadieny!)dimethyl2irconium. As a result, 50 g of a copolymer were obtained. The polymerization activity 
was 18 Kg/gZr. 

The obtained copolymer had a norbornene content of 6 mol%; an intrinsic viscosity of 2.50 dl/g; and a crystallization 
IS degree of 8%. 

Example 32 

The procedures of Example 16 were repeated except that silver tetrakis{pentafluorophenyl)borate was used in- 
20 stead of ferrocenium tetrakis(pentafluorophenyl)borate. As a result, 48 g of a copolymer were obtained. The polymer- 
ization activity was 1 8 Kg/gZr. 

The obtained copolymer had a norbornene content of 7 mol%; an intrinsic viscosity of 1 .94 dl/g; and a crystallization 
degree of 6%. 

25 Example 33 

The procedures of Example 16 were repeated except that 100 mmol of 1,4,5.8-dimethano-1,2,3,4,4a.5,8.8a-oc- 
tahydronaphthalene was used instead of norbornene. As a result, 35 g of a copolymer were obtained. The polymeri- 
zation activity was 1 3 Kg/gZr. 

30 The obtained copolymer had a cyclic olefin content of 5 mol%; an intrinsic viscosity of 1 .57 dl/g; and a crystallization 

degree of 9%. 

Example 34 

35 The procedures of Example 33 were repeated except that dimethylsilylenebis(cyclopentadienyl)dimethylzirconium 

was used instead of bis(cyclopentadienyl)dimethylzirconium. and the polymerization time was chagnged to 4 hours. 
As a result, 14 g of a copolymer were obtained. The polymerization activity was 5 Kg/gZr. 

The obtained copolymer had a cyclic olefin content of 39 mol%; an intrinsic viscosity of 1 .61 dl/g; and a crystalli- 
zation degree of 0%. 

40 

Example 35 

A 1 litter autoclave was charged with 400 ml of dried toluene, 0.6 mmol of triisobutylaluminum, 0.03 mmol of 
ferrocenium tetrakis(pentafluorophenyl)borate, 0.03 mmol of bis(cyclopentadienyi)dimethylzirconium and 230 mmol of 
45 norbornene. Then, propylene was introduced into the autoclave to keep a propylene pressure of 2 Kg/cm^, and the 
polymerization was carried out at 50"C for 1 hour while ethylene was continuously introduced so as to keep a total 
pressure to 5 Kg/cm^ As a result. 41 g of a copolymer were obtained. The polymerization activity was 16 Kg/gZr. 

The obtained copolymer had a norbomene content of 7 nr»l%; an intrinsic viscosity of 1 .47 dl/g; and a crystallization 
degree of 0%. 
so ' 
Example 36 

A 1 litter autoclave was charged with 400 ml of dried toluene, 0.6 mmol of triisobutylalunninum, and 0.05 mmol of 
bi8(cyclopentadienyl)dichlorozirconium. After agitation, 0.01 mmol of benzyl(4-cyano)pyridinium tetrakls(pentafluor- 
55 ophenyl)borate and 200 mmol of norbornene were added. Then, the polymerization was carried out at 90**C at an 
ethylene pressure of 9 Kg/cm^ for 0.5 hours, to obtain 33 g of a copolymer. The polymerization activity was 72 Kg/gZr. 

The obtained copolymer had a norbornene content of 6 mol%; and an intrinsic viscosity of 2.01 dl/g. 
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Example 37 



The orocedures of Example 36 were repeated except that methyl(2-cyano)pyridinium tetrakis(pentafluorophenyl) 
bor Je wS'sed i^stJad of ber,zyK4-cyano)pyridinium te.rakis(pentaf.uoropher,yl)borate. As a result. 15 g of a copol- 
vmer were obtained. The polymerization activity was 33 Kg/gZr. .n^AMr. 
^ ^Te <^tair,ed copolymer had a r«rbomene content of 5 mol%: and an lntr,ns« viscosity of 2.34 6Vg. 

Example 38 

The orocedures of Example 36 were repeated except that tetraphenylporphyrin manganese tetrakis(pentafluor- 
ophe^yoS was uiedS^^^ o1 benzy.(4'cyano)pyridlnium tetrakis(pentaf.uorophenyl)borate. As a resutt. 58 g of 
a copolymer were obtained. The polymerization activity was 127 Kg/gZr. -...^.QCHi/n 

The obtained copolymer had a norbomene content of 6 mol%; and an intrinsic v«cosrty of 1.95 dl/g. 

Example 39 

A 1 litter autoclave was charged with 400 ml of dried hexane. Then, a catalyst solution prepared Pre-mixing 10 
ml oHoirne oTmmol o. triisobutylaluminum, and 0.06 mmol of bis(cyclopentadtenyl)d.chlorozircon.um and 0.006 
o dimet^v^rnSm tetrakis(pentafluorophenyl)borate was added to the aoutoclave. After «9rta*on.^ mmo< 
Of norSmre 4s added. Then, the po^merization was carried out at 90»C at an ethylene pressure of 9 Kg/cm^ lor 
o 4 hours to obtain 10 g of a copolymer. The polymerization activity was 18 Kg/gZr. 

X oMa*e^ copolymer haS a norbomene content of 1 6 mol%; and an Intrinsic viscosity of 0.42 dl/g. 

Example 40 

The procedures of Example 39 were repeated except that a mixed solvent ol 200 ml of hexane and 200 ml o1 
toluene wTusedTnatifJ^^^ 

"'IXe'Stred^^SUr had a norbomene content of 4.2 mol%; and an intrinsic viscosfty of 1 . 1 4 dUg. 
Example 41 

The procedures of Example 39 were repeated except that dried cyclohexane was used instead ol dried hexane. 
andJs(cySSn^d.fny^^^^^^ 

amount of 0.03 mmol. respectively As a result. 67 g ol a copolymer were obtained. The polymenzatKxi activity was 
"^-Sf obtained copolymer had a norbomene content of 7.2 mol%; and an Intrinsic viscosity of 1 .26 dl/g. 

Example 42 

The orocedures of Example 1 6 were repeated except that trimethylaluminum, bis(cyclopentadienyl)dichloiozifco- 
nium^nd d^S^ rJum teUakis(pentafluorophenyl)borate were used insead ol triisobutylaluminum ^-(cyck^en- 
mdlyOdrrliethylzitconlum and ferrocenium tetrakis(pentafluorophenyl)borate. respectively. As a result. 33 g of a cc^ 
polvmer were obtained. The polymerlzatron activity was 12 Kg/gZr. ,onnHi/„ 
^tTlned copolymer had a norbomene content of 10 mol%. and an intnnsic v«cos.ty of 2.00 dl/g. 

Example 43 

Theprocedures Of Example42 were repeated except that trlethylaluminumw^used instead of trimethylaluminum. 

As a result 17 g of a copolymer were obtained. The polymerization activity was 6.2 Kg/&Zr 

I'he obtaied copolymer had a norbomene content of 10 mol%; and an Intrinsic v«cosity of 1 .92 dl/g. 

Example 44 

A 1 litter autoclave was charged with 400 ml of dried toluene. 0.4 mmol of triisobutylaluminum and 0 003 mmol 
Of bfs(c,^ZsnSS)dichloro4onium. After agitation. 0.006 mmol of ^thyldiphenylam^n^^^^^^^^^^^^ 
SfluoroJhenyDborate and 260 mmol of norbomene were added. Then, the polymerization was <=arr^d out at 90-C a^ 
ar^ Sene pressure of 6 Kg/cm^ for 0.5 hours, to obtain 57 g of a copolymer. The polymerization activrty was 208 Kg/ 
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gZr. 

The obtained copolymer had a norbornene content of 7.9 mol%; and an intrinsic viscosity of 1 .13 d!/g. 
Exanr^ple 45 

5 

The procedures of Example 42 were repeated except that methylaluminoxane was used instead of trimethylalu- 
minum. As a result, 53 g of a copolymer were obtained. The polymerization activity was 19 Kg/gZr. 

The obtained copolymer had a norbornene content of 8 mol%; and an Intrinsic viscosity of 1.83 dl/g. 

10 Example 46 

A 1 litter autoclave was charged with 400 ml of dried toluene. 0.6 mmol of triisobuty [aluminum, and 0.002 mmol 
of bis(cyclopentadlenyl)dihydride2irconium. After agitation, 0.004 mmol of dimethylanilinium tetrakis(pentafluorophe- 
nyl)borate and 200 mmol of norbornene were added. Then, the polymerization was carried out at 90*C at an ethylene 
IS pressure of 7 Kg/cm2 for 0.5 hours, to obtain 48 g of a copolymer. The polymerization activity was 263 Kg/gZr. 
The obtained copolymer had a norbornene content of 4.7 mol%; and an intrinsic viscosity of 1 .46 dl/g. 

Example 47 

20 The procedures of Example 42 were repeated except that triisobutylaluminum was used instead of trimethylalu- 

minum, and bis(cyclopentadienyl)dtmethyltitanium was used instead of bis(cyclopentadienyl)dlchlorozlrconium. As a 
result, 31 g of a copolymer were obtained. The polymerization activity was 22 Kg/gTI. 

The obtained copolymer had a norbornene content of 3.6 mol%; and an Intrinsic viscosity of 1 .83 dl/g. 

2S Example 48 

The procedures of Example 42 were repeated except that triisobutylaluminum was used instead of trimethylalu- 
minum, and 5-methylnorbornene was used Instead of norbornene. As a result, 38 g of a copolymer were obtained. The 
polymerization activity was 14 Kg/gZr. 
30 The obtained copolymer had a cyclic olefin content of 7 mol%; and an Intrinsic viscosity of 1 .97 dl/g. 

Example 49 

The procedures of Example 48 were repeated except that 5-benzylnorbomene was used instead of 5-methylnor- 
3S bornene. As a result, 13 g of a copolymer were obtained. The polymerization activity was 4.8 Kg/gZr. 

The obtained copolymer had a cyclic olefin content of 11 mol%; and an Intrinsic viscosity of 2.15 dl/g. 

Example 50 

40 The procedures of Example 42 were repeated except that triisobutylaluminum was used instead of trimethylalu- 

minum, and propylene was used instead of ethylene. As a result, 1 7 g of a copolymer were obtained. The polymerization 
activity was 6.2 Kg/gZr. 

The obtained copolymer had a norbornene content of 6.4 mol%; and an Intrinsic viscosity of 0.62 dl/g. 
45 Example 51 

A 1 litter autoclave was charged with 400 ml of dried toluene. 0.6 mmol of trilsobutytaluminum, and 0.006 nrvnol 
of bis(cyclopentad}enyl)dichlorozirconium. After agitation, 0.006 mmol of dimethylanilinium tetrakis(pentafluorophenyl) 
borate and 200 mmol of norbornene were added. Then, the polymerization was carried out at 70*C at an ethylene 
so pressure of 9.5 Kg/cm^ for 0.5 hours, to obtain 53 g of a copolymer The polymerization activity was 97 Kg/gZr 

The obtained copolymer had a norbornene content of 5 mol%; and an intrinsic viscosity of 1.43 dl/g. 

Example 52 

ss The procedures of Example 51 were repeated except that dimethylanilinium tetrakis(pentafluorophenyl)borate was 

used in an amount of 0.012 mmol. As a result, 97 g of a copolymer were obtained. The polymerization activity was 177 
Kg/gZr. 

The obtained copolymer had a norbornene content of 5 mot%; and an Intrinsic viscosity of 1.45 dl/g. 
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Example 53 



The procedures of Example 51 were repeated except that triisobutylaluminum was used in an amount ot 1 .8 mmol. 
As a result. 78 g ot a copolymer were obtained. The polymerization activity was 1 43 Kg/gZr. 

The obtained copolymer had a norbornene content ot 4 moi%; and an intrinsic viscosity ot 1 .67 dl/g. 



Example 54 



The procedures of Example 39 were repeated except that dimethylanilinium tetrakis(pentafluorophenyl)borate was 
d in an amount of 0.01 2 mmol, and the polymerization was carried out at an ethylene pressure ot 30 g/cm^ tor 10 



used 
iu1 

The obtained copolymer 



minutes. As a result. 78 g of a copolymer were obtained. The polymerization activity was 143 Kg/gZr^ 

jolymer had a norbornene content ot 3 mol%: and an intrinsic viscosity ot 1.39 dl/g. 



Example 55 

The procedures of Example 54 were repeated except that the polymerization temperature was changed to 1 30'>C, 
As a result 1 2 g of a copolymer were obtained. The polymerization activity was 22 Kg/gZr. 

The obtained copolymer had a norbornene content of 4 mol%; and an intrinsic viscosity of 1.65 dl/g. 

Example 56 

(1) Preparation ot Catalyst Solution 

A 2 imer glass vessel was charged with 500 ml ot dried toluene, 10 mmol ot triisobutylaluminum. 0.2 mmol of bis 
(cyclopentadienyl)dichloro2irconium and 0.3 mmol of dimethylanilinium tetrakis{pentafluorophenyl)borate. to obtain a 
catalyst solution. 

(2) Continuous Polymerization 

30 A 2 litter autoclave lor continuous polymerization, was charged with 1 litter of dried toluene. 90 ml of the catalyst 

solution prepared in Step (1) above and 360 mmol of norbomene. The polymerization was carried out at 90°C at an 
ethylene pre^ure of 5 Kg/cm^ for 0.5 hours. Thereafter, toluene, the catlyst solution and norbomene were supphed 
to the autoclave at a rate of 1 litter/hour. 90 ml^our and 360 mmoWiour. respectively while the polymer solution was 
continuously taken out so as to keep the amount of the reactton mixture in the autocalve to 1 ""^^/^^^^^'^ m« 

3S was also c^tinuously supplied to the autoclave so as to keep the ethylene partial pressure to 5 Kg/crn^ and the 
polymerization temperature was kept at 90-0. As a result, a copolymer was obtained at a production rate of 158 g/ 
hours. The polymerization activity was 48 Kg/gZr. ... , 

The obtained copolymer had a norbomene content of 5 mol%; and an Intrinsic viscosity of 1 .64 dl/g. 

40 Example 57 

A 500 ml flask was charged with 150 ml of dried toluene, 5 mmol of triisobutylaluminum. and 0,025 mmol of bis 
(cyclopentadienyl)dtehtorozirconium. After agitation. 0.025 mmol of dimethylanilinium »etrakis(pentafluorophenyOb|> 
\L ^d 50 mrr^l of norbomadiene were added. Then, the polymerization was carried out at 25 C for 3 hours v^He 
45 introducing ethylene at a rate of 30 1/hour. to obtain 0.35 g of a copolymer. The polymerization activrty o 0.15 Kg/gZr. 
The obtained copolymer had a norbornene content of 45 mol%; and an intrinsto viscosity of 0.21 dl/g. 

Example 58 

so The procedures of Example 50 were repeated except that ethylenebis(indenyl)dfehlorozirconium was used instead 

of bis(cyctopentadienyOdichtorozirconium. As a result, 23 g of a copolymer were obtained. The polymenzation activity 

""^•nieSned copolymer had a norbomene content of 7 mol%: and an intrinsic viscosity of 0.76 dl/g. 
ss Example 59 

The procedures of Example 50 were repeated except that isopropyl(cyclopentadienyl)(9-fluorenyl)dichlorozirc»- 
nium was used instead of bis(cyctopentadienyl)dichtorozirconium. As a result, 21 g of a copolymer were obtained. The 
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polymerization activity was 8 Kg/gZr. 

The obtained copolymer had a norbornene content of 6.8 moI%; and an intrinsic viscosity of 0.54 dl/g. 

Example 60 

5 

A 1 litter autoclave was charged with 400 ml of dried toluene, 0.6 mmol of triisobutylaluminum, and 0.003 mmol 
of bis(cyclopentadienyl)dich(orozirconium: After agitation, 0.006 mmol of dimethylanilinium tetrakis(pentafluorophenyl) 
borate and 400 mmol of norbornene were added. Then, the polymerization was carried out at 90*^0 at an ethylene 
pressure of 6 Kg/cm^ and a hydrogen pressure of 2 Kg/cm^ for 0.5 hours, to obtain 6 g of a copolymer. The polymer- 
10 ization activity was 29 Kg/gZr. 

The obtained copolymer had a norbornene content of 7 mol%; and an intrinsic viscosity of 0.06 dl/g. 

Example 61 

IS The procedures of Example 16 were repeated except that (cyclopentadienyl)trichlorozirconium was used instead 

of bis(cyclopentadienyl}dimethylzirconium, and dimethylanilinum tetakis(pentafluorophenyl)borate was used instead 
of terrocenium tetrakis(pentafluorophenyl)borate. As a result, 66 g of a copolymer were obtained. The polymerization 
activity was 24 Kg/gZr. 

The obtained copolymer had a norbornene content of 8 mol%; and an intrinsic viscosity of 2.34 dl/g. 

20 

Example 62 

The procedures of Example 61 were repeated except that (pentamethylcyclopentadienyl)trichlorozirconium was 
used instead of (cyclopehtadienyl)trichlorozirconium. As a result, 68 g of a copolymer were obtained. The polymeriza- 
25 tion activity was 25 Kg/gZr. 

The obtained copolymer had a norbornene content of 6 mol%; and an intrinsk: viscosity of 2.51 dl/g. 

Example 63 

30 The procedures of Example 61 were repeated except that (pentamethy1cyclopentadienyl)trimethylzirconium was 

used instead of (cyclopentadienyl)trichlorozirconium. As a result, 71 g of a copolymer were obtained. The potymeriza> 
tion activity was 26 Kg/gZr. 

The obtained copolymer had a norbornene content of 7 mol%; and an intrinsic viscosity of 2.47 dl/g. 

35 Example 64 

The procedures of Example 61 were repeated except that (pentamethylcyclopentadienyt)trimethoxyozirconium 
was used instead of (cyctopentadlenyl)trichlorozirconium. As a result, 65 g of a copolymer were obtained. The polym- 
erization activity was 24 Kg/gZr. 
40 The obtained copolymer had a norbomene content of 6.5 mol%; and an intrinsic viscosity of 2.68 dl/g. 

Example 65 

The procedures of Example 46 were repeated except that 0.002 mmol of tetrabenzylzirconium was used instead 
45 of bis(cyclopentadienyl)dihydrtdezirconium. As a result, 62.7 g of a copolymer were obtained. The polymerization ac- 
tivity was 344 Kg/gZr. 

The obtained copolymer had a norbornene content of 6.5 mol%; and an intrinsic viscosity of 1 .76 dl/g. 

Example 66 

so 

The procedures of Example 65 were repeated except that 0.002 mmol of tetrabutoxyzirconium was used instead 
of tetrabenzylzirconium. As a result, 37.1 g of a copolymer were obtained. The polymerization activity was 203 Kg/gZr. 
The obtained copolymer had a norbornene content of 5.5 mol%; and an Intrinsic viscosity of 1 .89 dl/g. 

55 Example 67 

The procedures of Example 65 were repeated except that 0.002 mmol of tetrachlorozirconium was used instead 
of tetrabenzylzirconium. As a result, 69.1 g of a copolymer were obtained. The polymerizatk>n activity was 379 Kg/gZr. 
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The obtained copolymer had a norbornene content of 5.5 moP/o; and an intrinsic viscosity of 1 .71 dl/g. 
Example 68 

The procedures of Example 51 were repeated except that bis(cyclopentadienyl)dimethylzircxK^urn v^s^^^^^^^^^ 
stead of bis(cyclopentadienyl)dichlorozirconium. and tris(pentafluorophenyl)boron was used instead d-methv^nm- 
num tetakis(pentafluorophenyl)borate. As a result. 12 g of a copolymer were obta«ed. The polymer^atwn actwrty was 

^ "rhf obtained copolymer had a norbornene content of 8 mol%; and an intrinsic viscosity of 1 .64 dl/g. 
Example 69 

A 1000 ml glass autoclave was charged with 500 ml of dried toluene. 10 mmol of triisobutylaluminum. 0.25 rnmol 
ofbis(cyclopentadienyl)dichlorozirconiumand0.25mmolofdimethylanilinumtetrakte(pentaf^K>p^^^^^^ 
agitation. 1 mol of norbomadiene was added. Then, the polymerization was carr«d out at 20-C for 4 hours, to obtain 
2.76 g of a copolymer. The polymerization activity was 0.12 Kg/gZr. . ^- . -w. /Mw>./MnW 9 B-i 

The obtained copolymer had a molecular weight (Mw) of 1 .700 and a molecular weight distribution (Mw/IWIn) of 2.83. 

Comparative Example 6 

A 1 litter autoclave, under nitrogen atmosphere was charged with 400 ml of toluene, 8 mmol of ethylaluminum- 
sesQuichloride (MICM.), cCh s). 0.8 mmol of VO(OCaH5)Cl2 and 130 mmol of norbornene. The reaction mixture was 
Sd to iScSe rll^ carried out for 60 minutes while continuously introducing ethylene so as to keep 

the ethylene partial pressure to 3 Kg/cmZ. As a result, the yeild was 6.1 6 g. The polymerization ac ivrty was 0.1 5 Kg/gZr. 

The obtained copolymer had a norbornene content of 12 mol%; and an intrinsic viscosity of 1 .20 dl/g. 

Example 70 

The procedures of Example 34 were repeated except that the ethylene pressure was changed to 1|<9^- 
the po^rnerization temperature was changed to 70'C. As a result. 17 g of a copolymer were obtained. The polymen- 

zation activity was 6.2 Kg/gZr. ^ . h ji/„ 

The obtained copolymer had a norbornene content of 57 mol%; and an intrinsic viscosity of 1 .47 dl/g. 

Example 71 

(1) Preparation of Triethylammonium Tetrakis(pentafluorophenyl)borate: 

Triethylammonlum tetrakis(pentafluorophenyDborate was prepared in the same manner as in Example 1. 

(2) Preparation of Catalyst: 

one milimol of (cyclopentadienyl)trimethyltitanium was reacted with 1 mmol of trielhylammoniunr, tetral«s(pen- 
tafluorophlyOboratein 50 miof toluene at room temperature tor4h 

was washed with 20 ml of petroleum ether, dried and dissolved in 50 ml of toluene to obtain a catalyst 

solution. 

(3) Polymerization: 

A 100 ml flask was charged with 25 mmol of norbomadiene. 0.05 mmol of the catalyst (as transition metal com- 
ponent) and 25 ml of toluene. Then, the reaction was carried out at 20»C for 4 hours. The reaction product was ptaced 
K^mlanorand the precipitated white solid product was recovered by filtration. Then, the obtained p«xluct was 
washed with methanol and dried. The yield was 0.41 g. 

T^e^telHed ^uct had a polymerization acth^ity of 170 g/gTi, and a molecular weight of 40,900 Jt was found 
that the obtained product was soluble to conventional solvents such as toluene, chlorofomi and tetrahydrof uraa 

It was also found by infrared spectrophotometry that the obtained product showed strong absorption at 800cn^_^ 
which rderh,ed from the foltowing structural untt (A). It was also found by iH-NMR that ^^'^ P?J"°' 
absorption derived fromacarbon-carbon double bond at6.2ppm. and did not st»w absorption^ 

carbon double bond contained in a polymer main chain at 5.3 ppm. Accordingly, it was confirmed that the obtained 
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product had the following structural units: 



(A) (B) 



10 




Example 72 

IS ' 

In a 100 ml flask, 25 mmol of norbomadiene. 0.005 mmol of (cyclopentadienyl)triben2yltitanium, and 0.005 mmol 
of triethylammonium tetrakis(pentafluorophenyl)borate were reacted in 50 ml of toluene at 20*^0 for 4 hours. Thereafter, 
the reaction mixture was placed into 100 ml of methanol and the precipitated white solid product was recovered by 
fittratbn. Then, the obtained product was washed with 50 ml of methanol, and dried under reduced pressure to obtain 
20 0.27 g of white powders. The polymerization activity was 1.1 Kg/gTi. 

The obtained product had a molecular weight (Mw) of 42,000. 

Example 73 

25 In a 100 ml flask, 25 mmol of norbomadiene. 0.005 mmol of (cycIopentadieny!)trimethyltitanium, 0.005 mmol of 

triethylammonium tetFakls(pentafluorophenyl)borate and 0. 1 mmol of triisobutylaluminum, were reacted in 50 ml of 
toluene. After agitation at 20*^0 for 4 hours, the reaction mixture was placed into 100 ml of methanol. A white solid 
product was precipitated, recovered by filtration, and then dried to obtain 0.92 g of a solid product. The polymerization 
activity was 3.81 Kg/gTi. 

30 The obtained product had a molecular weight (Mw) of 61 ,000. 

Example 74 

In a 100 ml flask. 25 mmol of norbomadiene, 0.005 mmol of (pentamethyIcyclopentadienyl)trimethyltrtanium, 0.005 
3S mmol of triethylammonium tetrakis(pentafluorophenyl)borate and 0.1 mmol of triisobutylaluminum, were reacted in 50 
ml of toluene. After agitation at 20*^0 for 4 hours, the reaction mixture was placed into 100 ml of methanol. A white 
solid product was precipitated, recovered by filtration, and then dried to obtain 0.45 g of a solid product 

The polymerization activity of 1 .9 Kg/gTi. 

40 Comparative Example 7 

In a 100 ml flask, 25 mmol of norbomadiene. 0.005 mmol of (cyclopentadienyl)trimethyltitanium and 0.005 mmol 
of aluminoxane were reacted in 50 ml of toluene at 20°C for 4 hours, but a polymer was not obtained. . 

45 Example 75 

(1) Preparation of Triethylammonium Tetrakis(pentafluorophenyl)borate: 

In the same manner as in Example 1, 12.8 mol of triethylammonium tetrakis(pentafluorophenyl)borate was pre- 
50 pared, and dissolved in 1 280 ml of toluene to obtain a catalyst solution. 

(2) Preparation of Dimethylsilylenebis(cyclopentadienyl) dichbrozirconium: 

Dicyclopentadlenyldimethylsilane (1.73 g; 9.19 mmol) was dissolved in 50 ml of dehydrated tetrahydrofuran. "lb 
55 the obtained solution, 12.0 ml (18.6 mmol) of a butyllithium/hexane solution (1 .55 mol/l) was added dropwise at -75'C 
over a period of 1 hour. After agitation for 30 minutes, the reaction mixture was heated to O^C. To the obtained reactbn 
mixture. 50 ml of dehydrated tetrahydrofuran containing 2. 1 4 g (9.1 8 mmol) of zirconium tetrachloride dissolved therein, 
was added dropwise over a perkxJ of 1 hour. Then, the reactkxi mixture was stirred at room temperature over night. 
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After the reaction mixture was heated to 50°C for 2 hours, the solvent was removed to obtain a solid product. The 
obtained solid product was washed with a small amount of cooled pentane. Further, the solid product was subjected 
to a methylene chloride extraction and recrystalllzation by concentration to obtain 2.20 g (6.31 mmol) ot dimethylsi- 
lylenebis cyclopentadienyl)dichlorozirconium (Reference: Inorg., Chem.. Vol. 24, Page 2539 (1985)). 
5 The obtained product was suspended in 631 ml of toluene to obtain a catalyst solution. 

(3) Copolymerization of Norbomene and Ethylene: 

A 500 ml glass autoclave purged with nitrogen, was charged with 200 ml of toluene and 1 .0 mmol of triisobutyla- 
10 luminum. Further, 10 micromol of dimethylsilylenebis(cyclopentadienyl)dichlorozirconium obtained in Step (2) above 
and 10 micromol of triethylammonium tetrakis(pentafluorophenyl)borate obtained in Step (1) above were added to the 
reaction mixture. Then, 22 mmol of norbornene was added. After the reaction mixture was heated to 50*C, the polym- 
erization was carried out at normal pressure for 1 hour while introducing ethylene gas at a rate of 40 1/hr. The polym- 
erization was proceeded in a uniform solution state. After completion of the reaction, the reaction solution was placed 
IS into 1 litter of HCI acidic methanol to precipitate a polymer. After, the catalyst components were removed by decom- 
position, the product was washed and dried to obtain 1 .47 g of a copolymer. The polymerization activity was 1 .6 Kg/gZr. 

The obtained copolymer had a norbornene content of 68 mol%; an intrinsic viscosity of 0.3 dl/g; a glass transition 
temperature (Tg) of 182''C; and a softening point (TMA) of ITS^C. A sheet made of the copolymer had an all light 
transmittance of 94.0% and haze of 3.2%. 

20 

Example 76 

The procedures of Example 75 were repeated except that the amount of norbornene used was changed to 44 
mmol in Step (3). As a result. 1 .64 g of a copolymer were obtained. The polymerization activity was 1 .8 Kg/gZr. 
2S The obtained copolymer had a norbornene content of 74 mol%; an intrinsic viscosity of 0.49 dl/g; a glass transition 

temperature (Tg) of ^Q9'*C] and a softening point (TMA) of 190**C. A sheet made of the copolymer had an all light 
transmittance of 94.5% and haze of 3.0%. 

Example 77 

30 

The procedures of Example 75 were repeated except that the amount of norbornene used was changed to 33 
mmol in Step (3). As a result. 2.44 g of a copolymer were obtained. The polymerization activity was 2.7 Kg/gZr. 

The obtained copolymer had a nortDornene content of 72 mol%; an intrinsic viscosity of 0.50 dl/g; a glass transition 
temperature (Tg) of 193''C; a softening point (TMA) of 185*C; a tensile strength of 260 Kg/cm2; an elongation of 1%; 
35 and a tensile rrKxJulus of 29,000 Kg/cm^. A sheet made of the copolymer had an alt light transmittance of 93% and 
haze of 3%. 

Example 78 

40 The procedures of Example 75 were repeated except that 10 micromol of bis(cyclopentadienyl)dichlorozirconium 

was used instead of dimethylsilylenebis(cyclopentadienyl)dichlorozirconium in Step (3). As a result, 1 ,86 g ot a copol- 
ymer were obtained. The polymerization activity was 2.0 Kg/gZr. 

The obtained copolymer had a norbomene content of 4 mol%; and an intrinsic viscosity of 0.76 dl/g. The glass 
transition temperature (Tg) could not be measured at room temperature or higher. 

45 

Example 79 

(1) Preparation of Dimethylsilylenebis(indenyl)-dichlorozirconium: 

so The procedures of Step (2) of Example 75 were repeated to prepare 0.61 g (1.36 mmol) of dimethylsilylenebis 

(indenyl)dichlorozirconium, except that 2.65 g (9.2 mmol) of dlindenyldimethylsilane was used instead of dicyclopen- 
tadienyldimethylsilane (Reference: Angew. Chem. Int. Ed. Engl.. Vol. 28. Page 1511 (1989)). 
The obtained product was suspened in 1 36 ml of toluene to prepare a catalyst solution. 

ss (2) Copolymerization of Norbomene/Ethylene: 

The procedures of Step (3) of Example 75 were repeated except that 10 micromol of dimethylsilylenebis(indenyl) 
dichlorozirconium was used instead of dimethylsilylenebis(cyclopentadienyl)dichlorozirconium, and the amount of nor- 
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bornene used was changed to 66 mmol. As a result, 3.38 g of a copolymer were obtained. The polymerization activity 
was 3.7 Kg/gZr. 

The obtained copolymer had a norbomene content of 67 mol%; an intrinsic viscosity of 1 .4 dl/g; a glass transition 
temperature (Tg) of 176'C; and a softening point (TMA) of 168*'C. A sheet made of the copolymer had an all light 
5 transmittance of 94.0%and haze of 3.1%. 

Example 80 

The procedures of Step (2) of Example 79 were repeated except that the amount of norbornene used was changed 
10 to 100 mmol. As a result. 2.88 g of a copolymer were obtained. The polymerization activity was 3.2 Kg/gZr. 

The obtained copolymer had a norbornene content of 72 mol%; an intrinsic viscosity of 1 .2 dl/g; a glass transition 
temperature (Tg) of 205*'C; and a softening point (TMA) of 195"C. 

Comparative Example 8 

IS 

The procedures of Step (3) of Example 75 were repeated except that 1.0 ml (1.0 mmol) of a toluene solution (1 
mol/l) containing ethylaluminumsesquichloride (Ai(C2Hg)i gCI^ 5) was used instead of triisobutylaluminum; 0.25 ml 
(0.25 mmol) of a toluene solution (1 mot/I) containing VO(OC2Hg)Cl2 was used instead of dimethylsilylenebis(cyclopen- 

tadienyl)dichlorozirconium; triethylammonium tetrakis(pentafluorophenyl)borate was not used; and the amount of nor- 
^ bornene used was changed to 1 00 mmol. As a result, 1 .38 g of a copolymer were obtained. The polymerization activity 
was 0.11 Kg/gZr. 

The obtained copolymer had a norbornene content of 48 mol%; an intrinsic viscosity of 1 .2 dl/g; a glass transition 
temperature (Tg) of 104^0; and a softening temperature (TMA) of 98'*C. 

2S Example 81 

(1) Synthesis of Catalyst Component (B): 

The procedures of Example 15 were repeated to prepare ferrocenium tetrakis(pentafluorophenyl)borate. 

30 

(2) Polymerization: 

A 30 litter autoclave was charged with 8 litter of dried toluene, 1 2 ml of triisobutylaluminum, 0.6 mmol of ferrocenium 
tetrakis(pentafluorophenyl)borate as obtained in Step (1), 0.6 mmol of bis(cyck)pentadienyl)dimethylzirconium and 4 
3S mol of norbornene. The polymerization was carried out at 50''C. at an ethylene pressure of 5 Kg/cm^-G for 1 hour. After 
completion of the reaction, the polymer solution was placed In 1 5 litter of methanol to precipitae a polymer The polymer 
was recovered by filtaratlon to obtain 2.4 Kg of a copolymer The polymerization conditions are as shown in 1able 1. 
The polymerization activity was 44 Kg/g2r 

The obtained copolymer had a norbornene content of 6 mol%; an intrinsic viscosity of 2.10 dl/g; and a crystalline 
40 degree of 16%. 

It was found that the polymer obtained had a random structure since it had low crystallization degree and good 

transparency 

(3) Molding of Sheet: 

45 

The copolymer obtained in Step (2) above was subjected to T-die molding using 20 mm extruder with a lip gap of 
0.5 mm at a screw roatbn rate of 30 rpm at a lip temperature of 205'*C, to prepare a sheet having a thickness of 0.2 
mm. The results of measurment of optical properties, and physical properties such as modulus, an elastic recovery 
property are as shown in Table 2. 

so 

Examples 82 to 86 

The simitar procedures of Example 81 were repeated to prepare several copolymers with different norbomene 
content and 0.2 mm thick sheets therefrom. The polymerization conditions are as shown In Table 1. The results of 
ss evaluatbn of the sheets obtained in physical properties are as shown in Table 2, 

It was found that these copolymer obtained had a random structure since it had low crystallization degree and 
jgood transparency. 



31 



EP 0 504 418 B1 



Example 87 

Under the conditions as shown in Table 1 . an ethylene/norbornene copolymer having an intrinsic viscosity of 1 .69 
dl/g and a norbomene content ot 23.7 mol% was synthesized. The 0.2 mm thick sheet obtained trom the copolymer 
was evaluated in an elastic recovery property. As a result, the sheet was torn before 150% elongation and the elastic 
recovery property could not be measured. The results of the physical property testing of the sheet obtained are as 
shown in Table 2. 

Comparative Example 9 

A 0.2 mm thick sheet was prepared from conventional high density polyethylene (IDEMITSU 640UF: Manufactured 
by Idemitsu Petrochemical). The sheet obtained showed an elastic recovery of -50%. The results of the physical prop- 
erty measurement of the sheet obtained are as shown in Table 2. 

Comparative Example 10 

A 0.2 mm thick sheet was prepared from a conventional ethylene/alpha-olefin copolymer (MOATEC 0168N: Man- 
ufactured by Idemitsu Petrochemical). The sheet obtained showed an elastic recovery of -15%. The results of the 
physical property measurement ot the sheet obtained are as shown in Table 2. 
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Example 88 

(1 ) Preparation of Dimethylanilinium Tetrakls(pentafluorophenyl)borate: 

5 Pentafluorophenyllithium prepared from 1 52 mmol of bromopentafluorobenzene and 1 52 mmol of butyllithium was 

reacted with 45 mmol of boron trichloride in hexane, to obtain trj(pentafluorophenyl)boron as a white solid product. 

The obtained tris(pentafluorophenyl)boron (41 mmol) was reacted with an ether solution of pentafluorophenyllith- 
ium (41 mmol) in hexane, to isolate lithium tetrakis(pentafluorophenyl)borate as a white solid product. 

Thereafter, lithium tetrakis(pentafiuorophenyl)borate (16 mmol) was reacted with dimethylaniline hydrochloride (16 
10 mmol) in water, to obtain 11 .4 mmol of dimethylanilinium tetrakis(pentaftuorophenyl)borate as a white solid product. 
It was confirmed by ^H-NMR and i^C-NMR that the reaction product was the target product. 

(2) Copolymerization of Norbornene/Ethylene 

*5 In a 1 litter autoclave, under nitrogen atmosphere at room temperature, 400 ml of toluene, 0.6 mmol of triisobuty- 

laluminum (TIBA), 3 micrompi of bis(cyclopentadienyl)dichlorozirconium, and 4 micromol of dimethylanilinium tetrakis 
(pentafluorophenyl)borate obtained in Step (1) above were chared in this oreder. Then. 400 mmol of norbornene was 
added. After the reactbn mixture was heated to 90*^C, the polymerization was carried out for 90 minutes while intro- 
ducing ethylene gas so as to keep the ethylene partial pressue to 7 Kg/cm^. 
20 After completion of the reaction, the polymer solution was placed into 1 litter of methanol to precipitate a polymer 

The polymer was recovered by filtration, and dried. 

The catalyst components, polymerization conditions and yield of the copolymer in this Example are as shown in 
Table 3. Further, the norbornene content, intrinsic viscosity, crystallization degree, glass transition temperature (Tg). 
weight average molecular weight (Mw), number average molecular weight (Mn), molecular weight distrubution (Mw/ 
2S Mn) and melting point (Tm) of the copolymer obtained, are as shown in Table 4. 

In the copolymer obtained in Example 88, a broad melt peak was sheen at 75**C. The DSC chart is as shown in 
Fig. 2. 

(3) Molding of Sheet: 

The copolymer obtained in Step (2) above was subjected to heat press molding at 190**C and at a pressure of 100 
Kg/cm^, to obtain a 0.1 mm thick sheet. 

The tesile modulus, tensile breaking strength, tensile breaking elongation, elastic recovery, all light transmittance 
and haze were measured, and are as shown in Table 4. 

Comparatvie Example 11 

(1) Copolymerization of Norbornene and Ethylene: 

A 1 litter autoclave, under nitrogen atmosphere, was charged with 400 ml of toluene, 8 mmol of ethytaluminum- 
sesquichlorode (Al(C2H5)i gCI-, 5). 0.8 mmol of VO(OC2H5)Cl2 and 1 30 mmol of norbornene. After the reaction mixture 
was heated to 40°C, the polymerization was carried out for 180 minutes while continuously introducing ethylene so as 
to keep the ethylene partial pressue to 3 Kg/cm^ 

After completion of the reaction, the polymer solution was placed into 1 litter of methanol to precipitate a polymer. 
The polymer was recovered by filtration, and dried. 

(2) Molding of Sheet: 

The procedures of Step (3) of Example 88 were repeated using the copolymer obtained in Step (1) above. The 
so results are as shown in Table 4. In the DSC measurement of the copolymer obtained in Comparative Example 11. a 
sharp melt peak was recognized at 100°C. The DSC chart is as shown in Fig. 3. 

Example 89 

55 (1 ) Copolymerization of Ethylene and Norbornene: 

The procedures of Step (2) of Example 88 were repeated except that ferrocenium tetrakis(pentafluorophenyl) 
borate was used instead of dimethylanilinium tetrakis(pentaf luorophenyl)borate, and the other conditions were changed 
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as indicated in Table 3. 
(2) Modling of Sheet: 

The procedures ot Step (3) of Example 88 were repeated using the copolymer obtained in Step (1) above. The 
resusts are as shown in Table 4. 

Examples 90 to 94 

(1) Preparation of Catalyst and (2) Copolymerizatbn of Ethylene and Norbornene: 

The procedures of Example 88 were repeated except that catalyst components and polymerization conditions 
were changed as indicated in Table 3. to obtain copolymers. Fig. 4 shows a i^C-NMR char of the copolymer obtained 
in Example 91 . 

(2) Modling of Sheet: 

The procedures of Step (3) of Example 88 were repeated using the copolymers obtained in Step (2) above. The 
resusts are as shown in Table 4. 
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Example 95 

(1) Preparation of Ferrocenium Tetrakis(pentafluorophenyl)borate: 

s Ferrocenium tetrakis(pentafluorophenyl)borate was prepared in the same manner as in Example 15. 

(2) Copolymerization of Norbomene and Ethylene: 

In a 30 litter autoclave, in a nitrogen atmosphere at room temperature, 15 litter of toluene, 23 mmol of trlisobuty- 
10 laluminum (TIBA), 0.11 mmol of bis(cyclopentadienyi)dichlorozirconium, and 0.15 mmol of ferrocenium tetrakis(pen- 
tafluorophenyl)borate obtained in Step (1) above, were chared in this oreder. Then, 2.25 litters of a 70 wt.% toluene 
solution containing 15.0 mol of norbornene was added to the reaction mixture. After the reaction mixture was heated 
to 90*C, the polymerization was carried out for 110 minutes while continuously introducing ethylene so as to keep the 
ethylene partial pressue to 7 Kg/cm^. 
IS After completion of the reaction, the polymer solution was placed into 1 5 litters of methanol to precipitate a polymer 

The polymer was recovered by filtration, and dried, to obtain a cyclic olefin based copolymer (a1). 

The yield of the cyclk: olefin based copolymer (a1) was 3.48 Kg. The polymerizatbn activity was 347 Kg^Zr. 
The obtained cyclic olefin based copolymer (al) had a norbornene content of 9.2 mol%; an intrinsic viscosity of 
0.99 di/g; a crystallization degree of 1.0%; a glass transition temperature (Tg) of 3°C; a weight average molecular 
20 weight (Mw) of 54,200; a number average molecular weight (Mn) of 28,500; a molecular weight distribution of 1.91; 
and a melting point of 73''C (broad peak). 

Example 96 

2S To 100 parts by weight of a pulverized product of the cyclic olefin copolymer (at) obtained in Example 95. 1.05 

parts by weight of diatomaceous earth as anti-blocking agent, 0.25 parts by weight of elucic acid amide as lubrbant, 
10.7 parts by weight of L-LDPE as alpha-olefin based polymer (0438N: Manufactured by Idemitsu Petrochemteal; Ml=4 
g/lOmin.; D=0.920 g/cm^), were added and mixed. The mixture was supplied to a 50 mm 0uniaxial extruder. The mixture 
was extruded by a circular die with a diameter of 100 mm and a gap of 3 mm at 160<*C, and then subjected to inflatk>n 

30 molding to obtain a film having a thickness of 20 micrometers and a width of a folded portion of 340 mm. The extruding 
rate was 7 Kg/hr and the pulling rate was 6.0 m/min. The moldability was excellent. 

The physical properties such as tensile properties and elastic recovery property, and optical properteis of the film 
obtained were measured, and are as shown in Table 5, 

In addition, the measurement methods were completely the same through the following Examples. 

3S 

Example 97 

The procedures of Example 95 were repeated except that in Step (2) of Example 95, the amount of bis(cyclopen- 
tadienyi)dichlorozirconium used was changed to 0.075 mmol and the amount of norbornene used was changed to 7.5 
40 mol, to obtain a cyclic olefin copolymer (a2). 

The yield of the cyclic olefin copolymer (a2) was 2.93 Kg. The polymerization activity was 428 Kg/gZr. 

The obtained cyclic olefin copolymer (a2) had a norbomene content of 4.9 moI%; an intrinsic viscosity of 1.22 dl/ 
g; a glass transition temperature (Tg) of -7'*C; a weight average molecular weight (Mw) of 72,400; a number average 
molecular weight (Mn) of 36,400; a molecular weight distribution of 1 .99; and a melting point (Tm) of e4'*C (broad peak). 

45 

Examples 98 to 104 

The procedures of Example 96 were repeated except that the kind of components and the amount of the compo- 
nents used were changed as indicated in Table 5. The results of the physical property measurement are also as shown 
so in Table 5. 

Example 105 

The copolymer obtained In Step (2) of Example 95 were subjected to heat pressing at 190°C at a pressue of 100 
ss Kg/cm^. to obtain a sheet having a thickness of 0.1 mm. The results of the physical property measurement were as 
shown in Table 5. 
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Example 106 

To 1 00 parts by weight of a pulverized product of the cyclic olefin copolymer (al) obtained in Example 95, 0.2 parts 
by weight of diatomaceous earth as anti-blocking agent, and 0.05 parts by weight of elucic acid amide as lubricant, 
s were added and mixed. The mixture was supplied to a 50 mm 0uniaxial extruder. The mixture was extruded by a 
circular die with a diameter ot 1 00 mm and a gap of 3 mm at 160'C, and then subjected to inflation molding to obtain 
a wrapping film having a thickness of 15 micrometers and a width of a folded portion of 450 mm. The extruding rate 
was 7 Kg/hr and the pulling rate was 12 m/min. The moldability was excellent. 

The physical properties such as tensile properties, elastic recovery property and gas permeability, and optical 
10 properteis of the film obtained were measured, and are as shown in Table 6 or 7. 

Examples 107 to 110 and Comparative Examples 12 to 14 

The procedures of Example 106 were repeated except that the kind of components and the amount of the com- 
is ponents used were changed as indicated in Table 6. The results of the physcal property measurement are as shown 
in Table 6 or 7. 
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Table 7 





Oxygen Permeability (ml/ 
m2.24h.atm) 


Nitrogen Permeability (mi/ 
m2.24h.atm) 


Moisture Permeability (g/ 
m2.24h.atm) 


Example 106 


8600 


1700 


28 


Example 107 


3200 


650 


14 


Example 108 


8700 


1600 


29 


Example 109 


8600 


1500 


30 


Example 110 


3400 


800 


13 


Comp. Ex. 12 


1700 


460 


68 


Comp. Ex. 14 


13200 


3300 


26 



Example 111 

The procedures of Example 95 were repeated except that in Step (2) of Example 95, the amount of bis(cyclopen- 
tadienyl)dichloro2irconium used was changed to 0.064 mmol; the amount of ferrocenium tetrakis(pentafluorophenyl) 
borate used was changed to 0.11 mmol; the amount of norbornene used was changed to 7.5 mol; the polymerization 
temperature was changed to JO^C: and the ethylene partial pressure was changed to 9 Kg/cm^. to obtain a cyclic olefin 
copolymer (a3). 

The yield of the cyclic olefin copolymer (a3) was 2.36 Kg. The polymerization activity was 404 Kg/gZr. 

The obtained cyclic olefin copolymer (a3) had a norbornene content of 4.5 nrK>l%; an intrinsic viscosity of 3.07 dl/ 
g; a glass transition temperature (Tg) of -8°C; a weight average nrolecular weight (Mw) of 213,000; a number average 
molecular weight (Mn) of 1 14.000; a molecular weight distribution of 1 .87; and a melting point (Tm) of SI^C (broad peak). 

Comparative Example 15 

The procedures of Example 95 were repeated except that in Step (2) of Example 95, 300 mmol of ethylaluminum- 
sesquichloride was used instead of triisobutylaluminum; 30 mmol of VO(OC2H5>Cl2 was used instead of bis(cyclopen- 
tadienyl)dlchlorozlrconium; ferrocenium tetrakis(pentafluorophenyl)borante was not used; the amount of norbornene 
used was changed to 3 mol; the polymerization temperature was changed to 30^ C; the ethylene partial pressure was 
changed to 1 Kg/cm^; and the polymerization time was changed to 30 minutes, to obtain a cyclic olefin copolymer (a4). 

The yiekj of the cyclic olefin copolymer (a4) was 460 g. 

The obtained cyclic olefin copolymer (a4) had a nort>omene content of 24.6 mol%; an intrinsic viscosity of 1.21 dl/ 
g; a glass transition temperature (Tg) of SO'^C; a molecular weight distribution of 4.26; and a melting point (Tm) of 
100'C (sharp peak). 

Examples 112 to 116 and Comparative Examples 16 and 17 

As indicated In Table 8, pellets prepared from the cyclic olefin copolymers (al) to (a4) obtained in Examples 95, 
97 and 111 and Comparative Example 15, or resin compositions containing the copolymer (al), (a2), (a3) or (a4) and 
a thermoplastic resin, were subjected to injection molding using an injection nriolding equipment (tS25EP: Manufactured 
by Toshiba) at a setting temperature of 150°C, at a mold temperature of 30<*C. an injection pressure (first/second) of 
80/40 Kg/cm2, to obtain a molded article (70 mm x 70 mm X 2 mm). 

The physical properties such as tensile properties and molding shrinkage factor, and optical properties of the 
mokled artk:les obtained, were measured, and are as shown in Table 8. 
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Example 117 

A 500 ml glass vessel was charged with 30 ml of dried toluene. 5 mmol of triisobutylaluminum. 25 micromoles of 
nickel bis(acetylacetonate), 25 micromoles of dimethylanilinium tetrakis(pentafluorophenyl)borate and 500 nnmol of 
s norbornene. The polymerization was carried out at 50^*0 for 1 hour, to obtain 9.58 g of a polymer. The polymerization 

activity was 6.53 Kg/gNi. 

The obtained copolymer had a weight average molecular weight (Mw) of 1 .210.000 and a molecular weight dis- 
tribution of 2.37. 

10 Reference Example 1 

The procedures of Example 13 were repeated except that 2.0 mmol of methytaluminoxane was employed istead 
of triisobutylaluminum, and triethylammonium tetrakls(pentafluorophenyl)borate was not used, to obtain 0.96 g of a 
copolymer. The polymerization activity was 1 .05 Kg/gZr. 
IS The obtained copolymer had a norbornene content of 11.5 mol%; and an intrinsic viscosity of 2.32 dl/g. 

Reference Example 2 

The procedures of Example 27 were repeated except that 3.0 mmol of methylaluminoxane was employed instead 
20 of triisobutylaluminum. and ferrocenium tetrakis(pentafluorophenyt)borate was not employed, to obtain 10.4 g of a 
copolymer. The polymerization activity was 7.6 Kg/gZr. 

The obtained copolymer had a norbornene content of 8.5 mol%; and an intrinsic viscosity of 2.19 dl/g. 

Example 118 

2S 

The procedures of Example 16 were repeated except that 0.03 mmol of dimethylanilinium tetrakis(pentafluoroph- 
enyi)borate was employed instead of ferrocenium tetrakis(pentafluorophenyl)borate, to obtain 26.4 g of a copolymer. 
The polymerization activity was 10 Kg/gZr. 

The obtained copolymer had a norbornene content of 7.0 mol%; and an intrinsic viscosity of 3.94 dl/g. The DSC 
30 measurement (temperature decrease) was made. The results are as shown in Fig. 5. 

Comparative Example 18 

The procedures of Comparative Example 11 were repeated except that the ethylene pressure was changed to 7 
35 Kg/cm2, to obtain 35.9 g of a copolymer. The polymerization activity was 0.88 Kg/gZr. 

The obtained copolymer had a norbornene content of 6.8 mol%; and an intrinsic viscosity of 3.28 dl/g. The DSC 
measurement (heat down stage) was made. The results are as shown in Fig. 6. 

Example 119 

40 

The procedures of Example 46 were repeated except that 0.002 mmol of (3,5-dimethylphenoxy)trichk)rozirconium 
was used instead of bis(cyclopentadienyl)dihydridezirconium. to obtain 53.7 g of a copolymer. The polymerization 
activity was 295 Kg/gZr 

The obtained copolymer had a norbornene content of 4.9 mol%: and an intrinsic viscosity of 1 .88 dl/g. 

45 

[Industrial Applicability] 

As described above, according to the process of the present Invention, a cyclic homopolymer or a cyclic olefin/ 
alpha-olefin copolymer can be effectively produced without opening the rings of the cyclic olefin and without using a 
so great amount of organometalic compounds. 

The cyclic olefin copolymers (I) of the present Invention are superior in heat resistance, transpjarency, strength 
and hardness, and thus can be effectively used in an optical, medical and food field or the like. 

The cyclic olefin copolymers (II) of the present invention have a good elongation recovery property, good trans- 
parency, suitable elasity and well-balanced physical properties, and thsu can be effectively used as materials for films. 
ss sheets and other various molded articles in a packaging, medical and agricultural field or the like. 

Furthermore, the cyclic olefin copolymer compositions of the present invention can be employed In various appli- 
cations such as a sealant film, pallet stretch film, wrapping film for industry use, films for agricultrual use, wrapping 
films for meat, shrink films, coating materials, damping materials, pipes, packages for transfusion liqukJs and toys 
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because of their superiority in transparency, an elongation recovery property, adhesiveness, stabbing strength, tear 
strength weatherability. low temperature heat sealability. heat seal strength, a shape memory property, a dielectric 
property and the like. In particular, in the case of molding the cyclic olefin copolymer composition into films or sheets, 
the obtained films and sheets will tend not to generate blocking and will have a good elongation recovery property 
transparency and adhesiveness. Thus, the sheets and films can be effectively employed in various fields such as 
packaging, medrcal and agricultural fields. 



Claims 



A process for producing a cyclic olefin based polymer wherein homopolymerization of a cyclic olefin or copolym- 
erization of a cyclic olefin and an alpha-olefin is carried out in the presence of a catalyst comprising as mam 
components the following compounds (A) and (B): 



(A) a transition metal compound; and 

(B) a compound capable of forming an ionic complex when reacted vwth said transition metal compound. 

2. A process for producing a cyclic olefin based polymer in which homopolymerization of a cyclic olefin or copolym- 
erization of a cyclic olefin and an alpha-olefin is carried out in the presence of a catalyst comprising as main 
components the following compounds (A), (B) and (C): 

(A) a transition metal compound; 

(B) a compound capable of forming an ionic complex when reacted with said transition metal compound; and 

(C) an organoaluminum compound. 

3. A process according to Claim 1 or 2. wherein Compound (A) is a transition metal compound comprising a transition 
metal selected from the IVB or VIII Group of the Periodic Table. 

4. A process according to Claim 3, wherein Compound (A) is a cyclopentadienyl transition metal compound compris- 
ing a transition metal selected from the IVB Group of the Periodic Table. 

5. A process according to Claim 3. wherein Compound (A) is a transition metal compound represented by the following 
formula: 



wherein W is a transition metal selected from the IVB Group of the Periodic Table; R^; R2 R3 and may be the 
same as or different from each other, and are independently a ligand having a sigma bond, chelate ligand or Lewis 
base. 

6. A process according to any one of Claims 1 to 5, wherein Compound (B) is a compound comprising a cation and 
an anion wherein a plurality of functional groups are connected to an element. 

7 A process according to Claim 6, wherein Compound (B) is composed of a cation comprising an element selected 
from the groups of IIIB. IVB, VB, VIB, VIIB. VIII. I A. IB. IIA. IIBand VIIAof the Periodic Table; and an anion wherein 
a plurality of functional groups are connected to an element selected from the groups of VB. VIB, VIIB, VIII. IB. 
IIB. Ill A. IVA and VA of the Periodic Table. 



Patentanspruche 

1. Verfahren zur Herstellung eines auf cyclischen Olefinen basierenden Polymers, worin die Homopolymerisation 
eines cyclischen Olefins oder die Copolymerisation eines cyclischen Olefins und eines alpha-Olef ins in Gegenwart 
eines Katalysators durchgefuhrt wird. wobei der Katalysator als Hauptbestandteile die folgenden Vterbindungen 
(A) und (B) umfaQt: 

(A) eine Ubergangsmetallverbindung; und 
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(B) eine Verbindung. welche bei Reaktion mitder Ubergangsmetallverbindung oinen ionischen Komplex bilden 
kann. 

Verfahren zur Herstellung eines auf cyclischen Olefinen basierenden Polymers, worin die Homopotymerisatlon 
eines cyclischen Olefins oder die Copolymerisation eines cyclischen Olefins und eines alpha-Olefins in Gegenwart 
eines Kataiysators durchgefOhrt wird, wobei der Katalysator als Hauptbestandteile die folgenden Verbindungen 
(A), (B) und (C) umfaBt: 

(A) eine Ubergangsmetallverbindung; 

(B) eine Verbindung. welche bei Reaktbn mitder Ubergangsmetallverbindung einen ionischen Komplex bilden 
kann; und 

(C) eine Organoaluminiumverbindung. 

Verfahren nach einem der Anspruche 1 oder 2, worin die Verbindung (A) eine Ubergangsmetallverbindung, um- 
fassend ein Ubergangsmetall der Gruppen IVB oder VIII des Periodensystems der Element, ist. 

Verfahren nach Anspruch 3, worin die Verbindung (A) eine Cyclopentadienyl-Ubergangsmetallverbindung, umfas- 
send ein Ubergangsmetall der Gruppe IVB des Periodensystems der Ejemente ist. 

Verfahren nach Anspruch 3, worin die Verbindung (A) die durch die folgende Formel dargestellte Ubergangsme- 
tallverbindung ist: 

wobei W ein Ubergangsmetall der Gruppe IVB des Periodensystems der Elemente ist; R^.R^.R^ und R"* gleich 
Oder voneinander verschieden sein konnen und unabhangig voneinander ein Ligand mit einer Sigma-Bindung, 
ein Ghelat-Ligand oder eine Lewis-Base sind. 

Verfahren nach einem der Anspruche 1 bis 5, worin die Verbindung (B) eine Verbindung ist, umfassend ein Kation 
und ein Anion, bei welchem eine Vielzahl funktioneller Gruppen mit einem Element verbunden sind. 

Verfahren nach Anspruch 6, worin die Verbindung (B) aus einem Kation, umfassend ein Element der Gruppen 
lilB, IVB, VB, VIB, VIIB, VIII. lA, IB, IIA, MB und VIIA des Periodensystems der Elemente, und aus einem Anion 
besteht. bei welchem eine Vielzahl funktioneller Gruppen mit einem Element, ausgewahit aus den Gruppen VB. 
VIB, VIIB. Vill, IB. MB. IMA. IVA und VA des Periodensystems der Elemente, verbunden sind.. 



Revendleatione 

40 

1. Proc6d6 pour produire un polymdre ^ base d*ol6fine cyclique, dans lequel l'homopolym6risation d'une olefine 
cyclique ou la copolymerisation d'une o(6fine cyclique et d'une a-ol6fine se deroule en presence d'un catalyseur 
comprenant, comme composants principaux, les composes (A) et (B) suivants : . . 

^ (A) un compost de metal de transitkxi ; et 

(B) un compost capable de former un complexe ionique quand il r^agit avec iedit compost de m6tal de tran- 
sition. 

2. ProcddS pour produire un polymdre k base d*ol6fine cyclique, dans lequel I'homopolym^risation d'une ot6fine 
so cyclique ou la copolymerisation d'une olefine cyclique et d'une a-ol6fine se deroule en presence d'un catalyseur 

comprenant, comme composants principaux, les compos6s (A), (B) et (C) suivants : 

(A) un compose de metal de transitbn ; 

(B) un compose capable de former un complexe ionique quand il reagit avec Iedit compose de metal de 
ss transition ; et 

(C) un compose organique de I'aluminium. 

3. Procede selon la revendication 1 ou 2, dans lequel le compose (A) est un compose de metal de transition com- 



2. 

5 
10 

3. 

^s 

4. 

20 5. 

30 6. 
7. 

35 
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prenant un metal de transition choisi parmi les Groupes !VB et VIII du Tableau Periodique. 

Precede selon la revendication 3, dans lequel le compose (A) est un compose de metal de transition cyclopenta- 
dienylique comprenant un m6tal de transition choisi dans le Groupe IVB du Tableau Pdriodique. 

Proc6de selon la revendication 3, dans lequel le compose (A) est un compos6 de m6tal de transition repr6sente 
par la formule suivante : 

dans laquelle est un metal de transition choisi dans le Groupe IVB du Tableau P6riodique ; R\ R2 R3 et 
peuvent §tre identiques ou differents entre eux et repr6sentent ind6pendamment un ligand ayant une liaison sigma, 
un ligand chelate ou une base de Lewis. 

Proced6 selon I'une quelconque des revendicalions 1 a 5. dans lequel le compos6 (B) est un compost comprenant 
un cation et un anion dans lequel une pluralite de groupes tonctionnels sont connect6s h un 6l6ment. 

Procede selon la revendication 6, dans lequel le compose (B) est compose d'un cation comprenant un 6l6ment 
choisi parmi les Groupes IIIB. IVB. VB, VIB, VIIB, Vlli. lA, IB. IIA. MB et VllA du Tableau Periodique ; et un anion 
dans lequel une pluralite de groupes tonctionnels sont connectes a un Element choisi parmi les Groupes VB, VIB, 
VIIB, VIII. IB. MB. niA. IVA et VAdu Tableau P6riodique. 



48 



EP 0 504 418 B1 



^ e 

0) >) 

O o 
a 

V 

— -o 

^ 0) 

o w 

U OQ 



'~1 







(0 




-p 












c 




o 






-o 




c 




D . 


in 


O 


c 


a 


03 


E 


u 


o 


H 


O 













(Q 








-P 








0) 








E 






O -P 








u 


c 






a> u <a 


o 




1 










-p 






E 


(0 o 








a 


a — c 








c 




c 








U C J3 


(0 






E 




u 






3 




-p 


•o 




— "O 


c bo X 




c 




(Q C 


SCO) 


(0 


a 




O D 


o — 




0 




C O 


a E ax: 


a 




a 


S u s -P 


E 




E 


o o o 




o 




u o 




u 




O U 



49 



EP 0 504 418 B1 




51 



EP 0 504 418 B1 




52 



EP0 504 418B1 



O 




3 /M 



53 



EP0S04 418B1 




(19) 



J 



(12) 



Europalsches Patentamt 
European Patent Office 
Office europeen des brevets ^11^ EP 0 504 418 B2 

NEW EUROPEAN PATENT SPECIFICATION 



(45) Date of publication and mention 
of tiie opposition decision: 
13.06^001 Bulletin 2001/24 

(45) Mention of the grant of the patent: 
13.05.1998 Bulletin 1998/20 

(21) Application nunr)ber: 91917061.3 

(22) Date of filing: 03.10.1991 



(51) intci.7: C08F 210/00, C08F 232/00. 
C08F 4/65, C08F 4/68, 
C08F 4/70. C08L 23/00, 
C08F 32/00 

(86) international application number: 
PCT/JP91/01338 

(87) international publication number: 

WO 92/06123 (16.04.1992 Gazette 1992/09) 



(54) PROCESS FOR PRODUCING CYCLOOLEFIN POLYMER AND CYCLOOLEFIN COPOLYMERS 

VERFAHREN 2UR HERSTELLUNG VON CVCLOOLEFINPGLYMEREN UNO 
CYCLOOLEFINCOPOLYMEREN 

PROCEDE DE PRODUCTION DE POLYMERE DE CYCLOOLEFINE ET DE COPOLYMERES DE 
CYCLOOLEFINE 



CM 

m 

00 

o 

O 

Q. 
LiJ 



(84) Designated Contracting States: 
BE OH DE PR GB IT LI NL SB 

(30) Priority: 05.10.1990 JP 26781590 

12.10.1990 JP 27460990 

06.02.1991 JP 3505091 
14.03.1991 JP 7360691 
05.04.1991 JP 9983991 

(43) Date of publication of application: 
23.09.1992 Bulletin 1992/39 

(60) Divisional application: 
97117998.1 / 0 81 8 472 

(73) Proprietor: IDEMITSU KOSAN COMPANY 
LIMITED 

Tokyo 100-0005 (JP) 

(72) Inventors: 

* OKAMOTO, Talcuji, Idemrtsu Kosan Co., Ltd. 
Sodegaura-shi Chiba-lcen 299-02 (JP) 

• MATSUMOTO, Junichi, Idemitsu Koean Co., Ltd. 
Sodegaura-shi Chlba-ken 299-02 (JP) 



• WATANABE, Masami, Idemitsu Kosan Co.. Ltd. 
Sodegaura-shi Chiba-ken 299-02 (JP) 

• MAEZAWA, Kouji, Idemitsu Kosan Co.. Ltd. 
Sodegaura-shi Chiba-ken 299-02 (JP) 

(74) Representative: 

Gilie Hrabal Struck Neidlein Prop Roos 
Patentanwaite 
Brucknerstrasse 20 
40593 DOsseldorf (DE) 



(56) 



References cited: 
EP-A-0 283 164 
0 335 985 
0 452 763 
0 468 537 
3 726 325 



EP-A- 
EP-A- 
EP-A- 
DE-A- 



JP-A- 1 501 950 
JP-A-3 139 504 
JP-A- 62 252 407 



EP-A- 0 304 671 
EP-A- 0 407 870 
EP-A- 0 454 231 
WO-A-91/09882 
JP-A- 1 096 234 
JP-A- 1 502 036 
JP-A- 61 120 816 



P.G. Grassmann et al., J ACS, 1987, vol. 109, pp. 
7875-7876 



Printed by Jouve, 75001 PARIS (FR) 



EP 0 504 418 B2 



Description 

[FIELD OF THE INVENTION] 

[0001] Thepresentinventionrelatestoaprooessforproducingacyciicoletlnb^^^^ 

to a process for producing a cyclic olef in polymer and a cyclic olefin/alpha^lef .n copolymer without opening nngs of 
the cyclic olefin. 

[RELATED ART! 

[0002] It 18 known that cyclic olefins can be polymerized in the presence of a ^ '^^'^J'^^ "''^ °' '^"^ 

cases the cyclic olefins suffer ring opening during the polymerization to give polymers wrth "P^"^^ ""^^"^^ . ^ 
So03i oS^he contrary to this process,cycllc Olefins can be polymeri^^ 

with the following methods (a) to (e). 

(a) Japanese Patent Application Laid-Open Gazette (Kokal) No, Sho 64-66216 describes a process poh^mer- 
Sno a S otefin wwiout suffering ring opening to obtain an Isotactic polymer, in the presence of a catalyst 
l^m^pLSaterer-rigld metallocene compound, particularly ethylenebls(indenyl)zlrconlum dichlonde. and aiu- 

TK^tei NO. Sho 61 -271308 discloses a process for copolymerizing a cyclic olefin and an alpha-olefin «mhout 
SlfeS nng opening. In the presence of a catalyst composed of a soluble vanadium compound and an organoa- 

lrS*;rsho1v221206 and Kokal No. 64-106 describe a process for copolymerizing a cyclic olefin and an 
Sih^^ef^iw^oufsuSr^^^ 

rd)Ko'kaTNrSho62-252406 

2! eth^ene intent of 40 to 90 mol% will, the use of a catalyst composed of a soluble vanadium compound and 

r^SrSsTsT'diesaprocessforproducingahomopoVmeranda^^^^ 
with the use of a catalyst composed of a specific metallocene compound and aluminoxane. 

iowe^er the poierizatL processes (a), (c) and (d) require use of a great amount of « ""•'"^^^J'^^^^^ 
a suS^al amount of a metal will remain In the polymerized products, resulting in detenoration andj^lonng^ 
The p^odlS-ir^hese processes, after polymerization, deashing treatment of the resultant products should be 
sufficiently conducted. Thus, these processes have a problem in productivity. khi^o^wh^* 

FuSer the catalysts used In the processes (b) and (d) are inferior due to extremely P^^^^^'f'^^f'^^ 
in addition an ethylene-rich copolymer obtained by the process (d) shows clear melting point and poor andom 
coZlon FuXrmore. in Kok;i No. Sho 3-45612 (Process (e)). not proved In the woricng examples that 
a coDolvmer having a cyclic olefin content of 40 mol% or more can be produced. 

On the other hand^studies on olefin polymerization with use of a catlonte transition metal ""^lex^have been 
mad^sl^^ many yeals ago. Tl,ere are many reports as Indicated as follows. However, each process has some 

rSSS^et al reported that ethylene can be polymerized in the presence of a catalyst composed of titanocene 
ScSe aSi Shylalummum (J. Po^rmer Scl.. 26. 120 (1964). Further, ^es^w et a^reported PC^m— 
of ethvlene with use of a titanocene dichloride/dimethylalum.num chloride catalyst (J. Am. Chem. Soc. ZM. s>o/^ 
( 9?7rFurihl,or^. Dyachkovskii et al. suggested that polymerization activities in ethylene Po'V^^f;^*^ "-"f 
a Socene dichlorid^dimethylalumlnum chloride catatyst are derived from a ttenocenemonomethyl cadon (J. 

Polymer Scl. , 16, 2333 (1 967) . 

However the ethylene activities in these processes are extremely low. 
(a^ Jo^rn et al reported synthesis and isolation of [biscyclopentadienylzirconium methyl(tetrahydrofuran) [tetra- 
SenXric aci^^^^^^^^^ the reaction of zirconocenedimethyl and silver tetraphenylbor^e. and ethylene 

SZSion using the thus synthesized compound (J. Am. Chem. Soc, 108. 7410 (1986). Further. Jordan et 
ar^^n^eS arldLlated [b^clopentadienylzirconiu 

ing from the reaction of zirconocenedibenzyl and ferrocenlum teUaphenylborate (J. Am. Chem. Soc, 109, 4111 
^^^Twasconfimied that ethylenecanbesllghtly polymerized using these catalysts, however, their polymerizatto^ 

Turner'^ af har^ro'sed a process for polymerizing an alpha-o.efin In the presence of a catalyst comprising 
ileXJne con^oZ and a boric acid c-Sriplex containing a specific amine such as triethylammonium tetra- 
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phenylborate, triethylammonium tetratolylborate, andtriethylammoniumtetra(pentafluorophenyl)borate (Japanese 
Patent Application PCX Laid-Open Gazette No. Sho 1-502036). 

[0004] However, in this gazette, there is no description about copoiymerization of an alpha-olefin and a cyclic olefin. 
Further, the catalysts have extremely low polymerization activities and thus this process is not suitable for industrial use. 
[0005] In addition, polymerization of a cyclic olefin is not reported in any one of the technical literature or the patent 
gazettes (F) to (h). 

DISCLOSURE OF THE INVENTION 

[0006] The present invention was made in view of the above-mentioned situations, and provides a process for pro- 
ducing a cyclic olefin based polymer as described below. 

Production Process of Cyclic Olefin Based Polymers: 

[0007] The present invention provides a process for producing a cyclic olefin based polymer wherein homopolym- 
erization of a cyclic olefin or copolymerization of a cyclic olefin and an alpha-olefin is carried out in the presence of a 
catalyst comprising, as main components, the following compounds (A) and (B) and optionally the following compound 
(C): 

(A) a transition metal compound; 

(B) a compound capable of forming an ionic complex when reacted with a transition metal compound said com- 
pound (B) not including aluminoxanes; and 

(C) an organoaluminum compound. 

[0008] The above-mentioned catalysts show excellent polymerization activities for the homopolymerization of a cyclic 
olefin or the copolymerization of a cyclic olefin and an alpha-olefin. in particular, the catalyst comprising the organoa- 
luminum compound (C) shows extremely high polymerization activities with use of a small amount of an organoalumi- 
num compound. Therefore, according to the above production process, a cyclic olefin homopotymer or an cyclic olefin/ 
alpha-olefin copolymer can be effectively produced without ring-opening during the polymerization and without use of 
a great amount of an organoaluminum compound. 

[0009] The following novel cyclic olefin copolymers (I) and (II) can be produced by the above-mentioned process. 
Cyclic Olefin Copolymers (I) 

[0010] The cyclic olefin copolymers (I) have a repeating unit represented by the following general fonmula [X]: 



-(CH2-CH)- CX] 

(wherein is a hydrogen atom or a hydrocarbon group having 1 to 20 cariaon atoms); and a repeating unit represented 
by the following formula [Y]: 



3 
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[Y] 



R-i R» R" 



(wherein to R"^ are independently a hydrogen atom, a hydrocarbon group having 1 to 20 carbon atoms or a sub- 
stituent having a halogen atom, oxygen atom or nitrogen atom; n is an integer of at least 0; Rl or and R» or R"» may 

20 form a ring together; and R'' to R"' may be the same as or different from each other). 

room The cyclic olefin copolymers (I) have (1) 0.1 to 40 mol% of the repeating unit of the formula pC] and 60 to 99.9 
mol% of the repeating unit of the formula [Y]; (2) an Intrinsic viscosity of 0.01 to 20 dl/g; and (3) a glass transition 
temperature (Tg) of 150 to 370*C. ^ i r or,^ 

[0012] The above cyclic olefin copolymers (I) have high content of the repeating unit based on a cyclic olefin and 

25 mainly have a vinylene structure. Thus, the copolymers are novel ones obtained for the first time by the process ac- 
cording to the present invention. The cyclic olefin copolymers (I) are superior in heat resistance, transparency, strength 
and rigidness, and can be effectively used In optical, medical and food fields. 

Cyclic Olefin Copotymere II: 

[001 3] Cyclic olefin copolymers (II) are those having (1 ) BO to 99.9 mol% of the repeating unit of Fonnula [X] and 0.1 
to 20 mol% of the repeating unit of Formula [Y]; (2) an intrinsic viscosity M of 0.01 to 20 dl/g; (3) a glass transition 
temperature (Tg) of less than 30'»C; and (4) a tensile modulus of less than 2,000 Kg/cm2. 

[0014] The above cyclic olefin copolymers (II) have low content of the repeating unit based on a cyclic olefin, and 
35 are flexible resins having physical properties different from those of polymers obtained by known catalyst systems. 
Thus the copolymers are novel ones obtained for the first time by the process according to the present invention. The 
cyclic olefin copolymers (II) have an excellent elongation recovery property, good transparency, suitable elasity and 
well-balanced physical properties, and can be effectively used as films, sheets and materials for various molded articles 
in a variety of application fields such as wrapping, medical and agricultural fields. 
40 [001 5] Further, the following compositions comprising the above novel cyclic olefin copolymers (II) can be suitably 
used as materials for films and sheets in wrapping, medical and agricultural fields. 

Cyclic Olefin Copolymer Compositions: 

45 [0016] A cyclic olefin copolymer composition (First Composition) comprises the following components (a) and (b), 
and a cyclic olefin copolymer composition (Second Composition) comprises the following components (a), (b) and (c): 

(a) 100 parts by weight of the cyclic olefin copolymer (II); 

(b) 0.01 to 1 0 parts by weight of an anti-blocking agent and/or lubricant; and 
50 (c) 1 to 1 00 parts by weight of an alpha-olefin based copolymer. 

[0017] The above first and second compositions exhibit good moldability in inflation molding and the like as well as 
a good elongation recovery property, good transparency and suitable elasity. 

[0018] Further, the following molded articles may be prepared from the above-mentioned cyclic olefin copolymers 
55 or the above-mentioned cyclic olefin copolymer compositions. 
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Molded Article: 

[0019] The molded articles Include, for example, films, sheets, wrapping films and those made by using a mold as 
indicated In the following examples (1) to (5): 

5 

(1) Films or sheets made of the cyclic olefin copolymer (I); 

(2) Films or sheets rnade of the cyclic olefin copolymer (II); 

(3) Wrapping films made of the cyclic olefin copolymer (II) 

(4) Articles made.using a mold from the cyclic olefin copolymer (II); and 

10 (5) Films or sheets made of the cyclic olefin copolymer composition (the first composition or the second compo- 

sition). 

[BRIEF DESCRIPTION OF THE DRAWINGS] 
15 [0020] 

Fig. 1 shows the flowchart of the production process of the present Invention; 
Fig. 2 shows the DSC chart of the copolymer obtained in Example 88; 
Fig. 3 shows the DSC chart of the copolymer obtained in Comparative Example 11 ; 
^0 Fig. 4 is the i^C-NIS^R chart of the copolymer obtained in Example 91 ; 

Fig. 5 is the DSC chart (heat down stage) of the copolymer obtained in Example 118; and 

Fig. 6 is the DSC chart (heat down stage) of the copolymer obtained in Comparative Example 18. 

[BEST EMBODIMENTS OF THE INVENTION] 

25 

[0021] The present invention will be described in more detail below. 
Production Process of Cyclic Olefin Based Polymers: 

30 [0022] Fig. 1 shows the production process according to the present invention. 

[0023] In the process of the production of the cyclic olefin based polymers according to the present invention, tran- 
sition metal compound may be used as Compound (A). The transition metal compounds include, for example, those 
containing at least one transition metal belonging to the IVB, VB, VIB, VIIB and VIII Groups of the Periodic Table. More 
specifically, as the above transition metals, preferred are titanium, zirconium, hafnium, chromium, manganese, nickel, 

35 palladium and platinum. Of these, more prefen-ed are zirconium, hafnium, titanium, nickel and palladium. 

[0024] Suitable transition metal compounds include a variety of compounds, particularly include those containing at 
least one transition metal belonging to the IVB and VIII Groups of the Periodic Table, more suitably a metal of the IVB 
Group, i.e., titanium (Tl), zirconium (Zr) or hafnium (Hf). More prefenred are cyclopentadienyl compounds represented 
by the following fonnula (I), (11) or (111), or derivatives thereof, or compounds represented by the following fomnuta (IV) 

40 or derivatives thereof . 

CpM^R^aR^bR^c (1) 

112 

CpgM^R^dR^e (11) 
(Cp-Af-Cp)M"'R^dR^e (111) 

50 

M^R^gR^hR^lR^J (IV) 

[0025] In Fomnulas (1) to (IV). M^ is a Ti, Zr or Hf atom; Cp is an unsaturated cyclic hydrocartson group or chain cyclic 
hydrocarbon group such as a cyclopentadienyl group, substituted cyclopentadienyl group, indenyl group, substituted 
indenyl group, tetrahydroindenyl group, substituted tetrahydroindenyl group, fluorenyl group or substituted fluorenyl 
group; R^ R^, r3 and R^ are independently a hydrogen atom, oxygen atom, halogen atom, C^^^o a'ky' group, C^.20 
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alkoxy group, aryl group, alkylaryl group, Ce.^o arylalkyl group, C^.^o acyloxy group, allyl group, substrtuted allyl group 
a ligand having a ^gma bond such as a substituent containing a silicon atom, chelate ligand or Lewis base l.gand such 
as an acetylacetonate group and substituted acetylacetonate group; A is a bridge based on a covalent bond; a, b and 
c are Independently an integer of 0 to 3; d and e are independently an integer of 0 to 2; f is an integer of 0 to 6; g, h, i 
and j are "ndependently an integer of 0 to 4; two or more of Ri and R^, R3 and R* may j^'^,,^ "„"9- '* ^^^f 
mentioned Cp has a substituent. the substituent is preferably a C^.ao alkyi group. In Fomiulas (II) and (Hi), two of Cp 
may be the same as or different from each other. 

r00261 In the above Formulas (i) to (111), the substituted cycopentadienyl groups Include, for example, a methytey- 
clopentadienyl group, ethylcyclopentadienyl group, isopropylcyclopentadienyl group, 1 ,2-dimethylcyclopentadienyl 
group tetramethylcyclopentadienyl group, 1 ,3-dimethylcyclopentadienyl group, 1 ,2,3-trimethylcyclopentadienyl group. 
1 2 4-trlmethylcyclopentadlenyl group, pentamethylcyclopentadieyl group, and trimethylsilylcyclopentadienyl group. 
r00271 Examples of Ri to R* include halogen atoms such as a fluorine atom, chlorine atom, bromine atom and iodine 
atom- C, on alkyI groups such as a methyl group, ethyl group, n-propyl group, isopropyl group, n-butyl group octyl 
group a^'f2-ethylhexyl group; C,.^ alkoxy groups such as a methoxy group, ethoxy group propoxy group, butoxy 
group and phenoxy group; Cg.^o aryl groups alkylaryl groups or arylalkyl group, such as a phenyl group tolyl group, 
xylyl group and benzyl group; C,.^ acyloxy groups such as a heptadecytearbonyloxy group; substituente containing 
a silicon atom such as a trimethylsilyl group, (trimethylsilyl)methyl group; Lewis bases such as ethers including dirnethyl 
ether diethyl ether and tetrahydrofuran, thioethers including tetrahydrothiophen , esters including ethylbenzoate. nitnles 
including acetonitrile and benzonitrile. amines including trimethylamine. triethylamine. tributylamine, N. fvl-dimethyl- 
aniline pyridine 2 2'-bipyridlne and phenantholorine. and phosphines including triethylphosphine and tnphenylphos- 
phine;i:hain unsaturated hydrocarbons such as ethylene, butadiene. 1-pentene. isoprene. pentadiene. 1-hexeneand 
derivatives thereof; unsaturated cyclic hydrocarbons such as benzene, toluene, xylene, cycloheptatriene. cyclooc^a- 
diene cyclooctatriene. cyclooctatetraene and derivatives thereof. The bridges based on a covalent bond, A include, 
for example, a methylene bridge, dimethylmethylene bridge, ethylene bridge. 1.1'-cyclohexylene bndge. dimethylsi- 
Ivlene bridge, dimethylgelmylene bridge and dimethylstannylene bridge. 

[0028] More specifically, these compounds include the foltowing compounds, and those having titanium or hafnium 
Instead of zirconium. 

Compounds of Formula (I): 

r00291 (Pentamethylcyclopentadienyl)trlmethylzirconium, (pentamethylcyclopentadienyl)triphenylzirconium, (pen- 
tamethylcyclopentadienyl)tribenzylzirconium. (pentamethylcyclopentadienyl)trichlorozirconium, (pentamethy cy- 
clopentadienyl)trimethoxyziiconium.(cyck)pentadienyl)trimethylzirconium. (cyclopentadienyl)triphenylzirconium, cy- 
clopentadienyDtribenzylziiconium, (cyclopentadienyl)trichlorozirconium. (cyclopentadienyOtrimethoxyzirconiurr,, (cy- 
clopeirtadienyl)dimethyl(methoxy)zirconium. (methylcyclopentadienyl)trimethylzirconium. (methylcyclopentad.eny ) 
trlphenylzirconium.(methylcyclopentadienyt)tribenzylzlrconium.(methyteyclopentadienyi)trichlorozirconium. (methyl- 

cyclopentadienyl)dlmethyl{methoxy)zirconium. (dlmethyteyclopentadlenyl)trichl6rozlrconium. (trimethylcyclopentadi- 
enyl)trichiorozirconium. (trimethyl8ilylcyck>pentadienyl)trimethylzlrconlum. (tetramethylcyclopeirtadienyl)tnchlorozir- 
conlum. 

Compounds of Formula (II): 

rOOMl Bis(cyclopentadienyl)dimethylzirconlum. bis(cyclopentadienyl)diphenylzirconium. bis(cyclopentadienyl)di- 
ethylzirconium.bis(cyclopentadlenyl)dibenzylzirconium, bis(cyclopentadienyl)dimethoxyzirconium, bis(cyclopentadi- 
enyl) dichlorolzirconium, bi8(cyclopentadienyl)dihydridezirconium. bis(cyclopentadienyl)monochloromonohydridezir- 
conium bis(methylcyclopentadlenyl)dimethylzirconlum.bi8(methylcyclopentadienyl)dtehlorozirconium.bis(methylcy- 
clopentadienyl)dibenzylzirconium.bis(pentamethykvclopentadlenyl)dimethylziiconium.bis(pentamethylcyclopen^^ 
enyhdichlorozirconium, bis(pentamethylcyclopentadienyl)dibenzylzirconlum. bis(pentamethylcyctepentadienyl)chlo- 
romethylzirconium, bis(pentamethylcyclopentadienyl)hydridemethylzirconium. (cyclopentadienyl)(pentamethylcy- 
clopentadienyl)dichlorozirconium. 

Compounds of Formula (111): 

r00311 Ethylenebls(indenyl)dimethylzirconium. ethylenebis(indenyl)dichloro2irconium. ethylenebis(tetrahydroinde- 
nvl) dimethylziiconlum. ethylenebis(tetrahydroindenyOdk:hlorozirconium, dimethylsilylenebls(cyclopentadieny 
dimethylzlrconium. dimethylsilylenebis(cyclopentadlenyl)dk:htorozirconium. isopropyl(cyclopentadienyl)(9- luoreny 
dimethylzirconium. isopropyl(cyclopentadienyl){9-fluorenyl)dtehlorozirconium.lphenyl(methyl)methylene](9-fluorenyl) 
(cyclopentadienyl)dimethylzlrconium,diphenylmethylene(cyck)pentadienyl)(9-fluorBnyl)dlmethylzirconium.ethylidene 
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(9-fluorenyl)(cyclopentadienyl)dimethyl2iroconium, cyclohyxyl(9-fluorenyl)(cyclopentadienyl)dimethyl2irconium, cy- 
clopentyl(9-fluorenyl)(cyclopentadienyl)dimethytzirconium, cyclobutyl(9-fluorenyl)(cylcopentadienyl)dimethylzirconi- 
um, dimethylsilylene(9-fluorenyl)(cyclopentadienyl)dimethylzirconium, dimethylsilylenebis(2,3,5-trimethylcyclopenta- 
dienyl)dlchloro2lrconium, dimethylsllylenebjs(2,3,5-trimethylcyclopentadienyl)dimethyl2irconium, dimethylsilylenebis 
(lndenyl)dlchloro2irconium. 

[0032] Further, compounds other than the cyclopentadienyl compound represented by Formula (I), (II) or (III) do not 
adversely affect the meritorious effects of the present invention. Examples of such compounds include those com- 
pounds represented by Formula (IV), such as tetramethylzirconium, tetrabenzylzlrconium, tetramethoxyzlrconium, 
tetraethoxyzirconium, tetrabutoxyzirconium, tetrachlorozirconium, tetrabromozirconlum, butoxytrlchlorozirconium, dib- 
utoxydichloro2irconium, bis(2,5-di-t-butylphenoxy)dlmethyi2irconium, bls(2,5-dht-butylphenoxy)dlchloro2irconium, 
and zirconium bis(acetylacetonate). The other examples inciude compounds basicaliy same as the above compounds 
except that zirconium is replaced with hafnium or titanium. Such compounds include zirconium compounds, hafnium 
compounds and titanium compounds having at least one group seiected from atkyi groups, alkoxy groups and halogen 
atoms. 

[0033] Further, the transition meta! compounds containing a transition metal belonging to the VIII Group, are not 
particularly limited. Examples of chromium compounds include tetramethyIchromium,tetra(t-butoxy)chromium, bis(cy« 
clopentadienyl)chromium, hydridetricarbonyl(cyclopentadienyl)chromium, hexacarbonyl (cycle pentad lenyl)chromium, 
bis(benzene)chromium, tricarbonyltris(phosphonlc acid triphenyi)chromium, tris(aryl)chromium, triphenyltris(tetrahy- 
drofuran)chromium and chromium tris(acetylacetonate). 

[0034] Examples of manganese compounds include tricarbonyi(cyciopentadienyi)manganese, pentacarbonylmeth- 
yimanganese. bls(cyciopentadienyl)manganese and manganese bis(acetylacetonate). 

[0035] Examples of nickel compounds include dicarbonylbis(triphenylphosphlne)nickel, dlbromobls(thphenylphos- 
phine) nickel, dinltrogen bis(bis(tricyclohexylphosphine)nickel), chlorohydridebis(tricyclohexylphosphine)nickel, chloro 
(phenyl)bis(triphenylphosphlne)nickel, dimethylbis(trimethylphosphine)nickel, diethyl(2,2'-bipyndyl)nlckel, bis(allyl) 
nickel, bis(cyclopentadienyl)nickel, bis(methylcyclopentadienyl)nickel, bls(pentamethylcyclopentadienyl)nickel, ally! 
(cyclopentadienyl)nickel, (cyclopentadienyl)(cyclooctadiene)nickel tetrafluoroborate, b is (cyclooctadiene) nickel, nickel 
bisacetylacetonate, allylnickel chloride, tetrakis(triphenyIphosphine)nickel, nickel chloride, (Cel-l5)NI[OC(CeH5)CH=P 
(C6H5)2J[P(C6H5)3], and (C6H5)Ni[OC(C6H5)C(S03Na)=P(C6H5)2[P(C6H5)3] 

[0036] Examples of palladium compounds include dichlorobis(benzonitrile)paliadium, carbonyltris(triphenylphos- 
phine) palladium, dichtorobis(triethyiphosphine)palladium, bis(isocyanated t-butyl)pailadium, palladium bis(acetylace- 
tonate), dichloro(tetraphenyicyc(obutadrene)palladium, dtchioro(1 ,5-cyclooctadiene)paMadium, allyl(cyclopentadienyl) 
palladium, bis(allyl)palladium, allyl(1 .5-cyclooctadiene)paltadium, palladium tetrafluoroborate, (acetylacetonate) 
(1 ,5-cyclooctadiene)palladium tetrafluoroborate, and tetrakis(acetonitrile)palladium bistetraf luoroborate. 
[0037] The suitable compounds as Compounds (B) include a compound comprising a cation and an anion wherein 
a plurality of functional groups are connected to an element, particularly a coordination complex compound. The com- 
pounds comprising a cation and an anion wherein a plurality of functional groups are connected to an element, include, 
for example, those compounds represented by the following fonnula (V) or (VI): 

([L^-R^]%([IVlVz2...Z"]<"-'"\ (V) 

aL^]^-')p([M*Z^Z^...Z"](""">-)q (VI) 
wherein is M^. R8R9M6. R^%C or RiiM^. 

In Fomiula (V) or (Vl), L'' is a Lewis base; and are independently an element selected from the groups of VB, 
VIB, VliB, VIII, IB, IIB, IIIA, IVA and VA of the Periodic Table; and are independently an element selected from 
the groups of IIIB, IVB, VB, VIB, VIIB. Vlll, lA. IB, IIA. IIB and VIIA of the Periodic Table; to Z" are independently a 
hydrogen atom, dialkylamino group, a'l^oxy group, Ce.20 aryloxy group, C1.20 alkyi group, Cq.2o aryl group, alkylaryl 
group, arylalkyl group, halogenated hydrocarbon group, acyloxy group, organometalloid group or halogen 
atom; two or more of Z"* to Z" may fonm a ring; is a hydrogen atom, 0^.20 ^^^^ group, 05.20 ^'V' Q^up, alkylaryl 
group or aryl alkyI group; R® and R^ are independently a cyclopentadienyl group, substituted cyclopentadienyl group, 
indenyl group or fluorenyl group; R""^ is a 0^.20 a'kyi group, aryl group, alkylaryl group or arylalkyl group; R'"'' is a large 
ring ligand such as tetrapheny {porphyrin and phthalocyanine; m is a valency of and M'^ and is an integer of 1 to 7; 
n Is an integer of 2 to 8; k is an ion value number of [L^-R^] and [L^, and is an integer of 1 to 7; and p is an integer of 
at least 1 ; and q is specified by the formula: q=(p X k)/(n-m). 

[0038] Examples of the above Lewis bases are amines such as ammonium, methylamine, aniline, dimethylamtne, 
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diethylamine. N-methylaniline. diphenylamine. trimethytamine, triethylamine. tri-n-butylamine N.N-dimethylan.l.ne, 
methyldiphenylamine. pyridine, p-bromo-N,N-dlmethylaniline and p.nitro-N,N-dimethylan.!,ne, pliosphines such as n- 
Tthyl^hosphine. triphenjphosphine and diphenylphosphine; ethers such as dimethyl ether, diethyl ether^ tetrahydro 
furan and dloxane; thloethers such as diethyl thioethere and tetrahydrothlophene; and esters such as ethylbenzoa e. 

s [00391 Examples of M3 and M-* are. for example. B. Al. Si. P. As and Sb. Examples of are U. Na. Ag. Cu. Br. I 
and 1, Examples of are Mn, Fe. Co. Ni and Zn. Examples of 2i to Z" include diallcylamino groups such as a 
dimethylamino group and diethylamino group; Cao a'koxy groups such as a methoxy group, ethoxy group and n- 
butoxy group; C. on aryloxy groups such as phenoxy group. 2,6-dimethylphenoxy group and naphthyloxy group; C^.^o 
alkyi groups suchls a methyl group, ethyl group, n-propyl group, iso-propyl group, n-butyl group, n-octyl group and 

10 2-ethylhexyl group; ^ aryl, alkylaryl or aiylalkyi groups such as a phenyl group, p-tolyl group, benzyl g;o"P. ^-t - 
Lty^jSgroup%.6!^me7hylphLylgroup,3.5-dimethylphen^^ 

group- C, L halogenated hydrocarbon groups such as p-f luorophenyl group. 3.5Klifluorophenyl group, pentachloroph- 
enyl group 3.4.5-trifluorophenyl group, pentafluorophenyl group. 3.5-di(trifluoromethyl)phenyl group; halogen atoms 
such as F CI Br and I; organometalloid groups such as a pentamethylantimony group; tnmethylsily a^oup tnmethyl- 
gelmyl group diphenylarslne group, dicyclohexylantimony group and diphenylboron group. f^^-^P'^^"' f"J," ^ 
are the same as above. Examples of substituted cyclopentadienyl groups represented by R8 and BP include those 
substituted with an alkyi group such as a methylcyclopentadlenyl group, butylcydopentadienyl group penteme^^ 
ylcyclopentadlenyl group. Usually, the alkyI groups have 1 to 6 carbon atoms and the number of substituted alky! groups 
Is an integer of 1 to 5. In Fomiula(V) or (VI). M3 and are preferably boron. ^ k 

[0040] Of those compounds represented by Fomiula (V) or (VI). the following compounds can be particularly used 
as preferred ones. 



IS 



20 



30 



35 



40 



SO 



SS 



Compounds Represented by Formula (V): 



[00411 Triethylammonlumtetraphenylborate,tri(n-butyl)ammoniumtetraphenylborate.trimethylamrnonmmtetraph^ 
nylborate, tetraethylammonlum tetraphenylborate, methyltri(n-butyl)ammonlum tetraphenylborate. benzyttn(n-butyO 
ammonium tetraphenylborate, dimethyldlphenylammonium tetraphenylborate. methyltriphenylammonium tetraphenyl- 
borate. trimethylanllinium tetraphenylborate, methylpyrldlnium tetraphenylborate. benzylpyrldin.um te raphenylborate. 
methyK2-cyanopyridinlum) tetraphenylborate. trimethylsulfonium tetraphenylborate, benzyldimethylsulfonium tetra- 
phenylborate. triethylammonium tetrak.s(pentafluorophenyl)borate. tri(n-butyl)ammonium tetrakis(per,tafluorophenyl) 
borate, triphenylammonium tetrakis(pentafluorophenyl)borate, tetrabutylammonlum tetrakls(pentafluorophenyl)bo- 
rate t^aethylammonium tetrakis(pentafluorophenyl)boiate, methyltri(n-butyl)ammonium tetrakis(pentafluorophenyl) 
bor^e benzyltri(n-butyDammonlum tetrakis(pentafluorophenyl)borate, methyldlphenylammonium tetrakis(pentafluor- 
ophen^nborate, methyltriphenylammonium tetrakls(pentafluorophenyl)borate, dimethyldlphenylammonium tetraks 
(pentafluorophenyl)borate, anilinium tetrakis(pentafluorophenyl)borBte. methylanillnium tetrakis pentafluorophenyl) 
borate, dimethylanilinlum tetrakis(pentafluo.ophenyl)borate. trimethytenilinium tetrakis(pentafluorophenyl)borate 
dimethyl(m-nltroanilinlum)tetrakis(pentafluorophenyl)borate.dimethyl(p-bromoanllinium)tetrakis(pentafluor^^ 
borate pyridlnium tetrakls(pentafluorophenyl)borate. p-cyanopyridlnlum tetrakis(pentafluorophenyi)boiate. N-methyl- 
pyridinium tetrakis(pentafluorophenyl)borate. N-benzylpyridlnlum tetrakls(pentafluorophenyl)borate. O-cyano-N-me- 
Slpyridlnlumtetrakls(pentafluorophenyl)borate.p-cyano-N-methylpyridlniumtetrakis(pentafuorophenylborate,^^^^ 
an<;N-benzylpyridiniumtetrakis(pentafluorophenyl)borate,trimethylsulfoniumtetrakis(pentafluorophenyl)borate. 
zyldimethylsulfoniumtetrakls(pentafluorophenyl)borate,tetraphenylphosphonlumtetrakls(pentafluorophenyl)borate. 
dimethylanllinium tetrakls(3,5-ditrifiuoromethyiphenyl)borate, and hexafluoroarsenic acid triethylammonium. 

45 Compounds Represented by Fomiula (VI): 

100421 Ferrocenium tetraphenylborate, silver tetraphenyi borate, trityl tetraphenylborate. tetraphenylporphyrin man- 
ganese tetraphenylborate. ferrocenium tetrakis(pentafluorophenyl)borate. 1.1'-dimethylferrocenium efrakispen- 
tafluorophenyDbotate, decamethylferrocenium tetrakis(pentafluorophenyi)borate. acetylferrocen.unri tettak.s(pen. 
tafluorophenyl)borate.formylferroceniumtetrakis(pentafluorophenyl)borate.cyanoferroceniurTitetrakis(pente^^^^ 
envDborate. silver tetrakis(pentafluorophenyl)borate, trityttetrakis(pentafluorophenyl)borate. lithmm tetrak,s(pen- 
tafluorophenyl)borate. sodium tetrakis(pentafluorophenyl)borate. tetraphenylporphyrin manganese tetra(pentafluor- 
ophenyl)borate. tetra(pentafluorophenyl)boric acid (tetraphenylporphyrin iron chloride). tetra(pentafluorophenyl)bonc 
acid (tetraphenylporphyrin zinc), tetrafluorosilver borate, hexafluoroarsenical silver, and hexaf luorosilver antmrionate. 
[0043] Further, compounds otherthan those represented by Fomiula (V) or (VI) such as tris(pentafluorophenyl)boron. 

trls(35-di(trifluoromethyl)phenyl)boron and triphenylboron, can be also used. ^ ^ . „ . , 

[0044J organic aluminum compounds as Component (C) Include those represented by the following fomiula (VII). 
(VIII) or (IX): 
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R^^A1Q3., (vir 

wherein R12 js a hydrocarbon group such as an alkyi group, alkenyl group, aryl group or arylalkyi group having 1 to 
5 20, preferably 1 to 12 carbon atoms; Q is a hydrogen atom, a C^,26 a'koxy group or a halogen atom; and r is a number 
between 1 and 3. 

[0045] Examples of compounds represented by Formula (VII) are, for example, trimethytaluminum, triethylaluminum, 
triisobutylaluminum, dimethylaluminum chloride, diethylatuminum chloride, methylaluminum dichloride, ethylaluminum 
dichloride, dimethylaluminum fluoride, diisobutylaluminum hydroide, diethylaluminum hydride and ethylaluminum- 
10 sesquichloride. 

[0046] Chain aluminoxanes represented by the following Formula (VIII): 

IS \ , / . . 

AX - O - (Al - 0)s-2 Al ... (VIII) 

Wherein R^^ is as defined in Formula (VII); and s Is a degree of polymerization, usually from 3 to 50. 
^ [0047] Cyclic alkylalumlnoxanes having a repeating unit represented by the formula: 



25 



(Al - 0)s 



wherein R''^ is defined in Fomriula (VII); and s is a degree of polymerization, usually from 3 to 50. 
[0048] Of these compounds represented by Formulas (VI i) to (tX), preferable compounds are those represented by 
30 Fonnula (VII). Particularly preferable compounds are those represented by Formula (VII) wherein r is 3, more partic- 
ularly alkylaluminum such as trimethylaluminum, triethylaluminum or triisobutylaluminum. 

[0049] Methods of preparing the above aluminoxanes are not particularly limited to, but Include any known methods 
such as a process comprising contacting alkylaluminum with a condensation agent such as water. Alkylaluminum and 
a condensation agent can be reacted by known methods, for example. (1) a method comprising dissolving an orga- 

3S noaluminum compound in an organic solvent, and contacting the solution with water; (2) a method comprising adding 
an organoaluminum compound to starting materials for polymerization, and adding water to the reaction mixture later; 
.(3)^a method comprising reactirig an organoaluminum compound with crystalline water contained in a metal salt and 
the like or water adsorbed to an inorganic material or an organic material; (4) a method comprising reacting tetraalkyl- 
dialumlnoxane with trialkylaluminum, and then reacting the reaction product with water. 

40 [0050] Catalysts which can be used in the process of the present invention comprise, as main Ingredients, the above 
Component (A) and Component (B), and optionally, Component (C). 

[0051] In this case, the use conditions are not limited; however it is preferable to adjust a ratio (molar ratio) of Com- 
ponent (A) to Component (B) to 1:0.01 to 1:100, more preferably 1:0.5 to 1:10, most preferably 1:1 to 1:5. Further, 
reaction temperature may preferably range from -100 to 250**C. Reaction pressure and reaction time can be appropri- 
^ ately selected. 

[0052] Further, the amount of Component (C) used may be from 0 to 2.000 mol, preferably from 5 to 1 ,000 mol. most 
preferably from 10 to 500 mol, per 1 mol of Component (A). The use of Component (C) may Improve polymerization 
activity. However, the use of excess amount of Component (C) is not desirable since great amount of the organoalu- 
minum compound wilt remain in the resultant polymer. 

50 [0053] In addition, a way of using the catalysts is not partlcularty limited. For example, it is possible that Components 
(A) and (B) are preliminary reacted and the reaction product is separated, washed and used for polymerization. It is 
also possible that Components (A) and (B) themselves are contacted In a polymerization system. Furthej, Component 
(C) can be contacted with Component (A), Component (B), or the reaction product of Component (A) and Component 
(8). These components can be contacted before polymerization or during polymerization. Further, these components 

55 can be added to monomers or a solvent before polymerization, or to the polymerization system. 

[0054] In the process of the present invention, a cyclic olefin can be homo-polymerized, or a cyclic olefin and an 
alpha-olefin can be co-polymerized in the presence of the abovennentloned catalysts. 
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[0055] As used herein, the cyclic olefins include cyclic monoolefins having one double bond and cyclic diolefins 

having two double bonds. 

[00561 The cyclic monolefins include, for example, monocyclic olefins such as cyclobutene cyclopentene. eye ohex- 
ene cycloheptene, cyclooctene; substituted monocyclic olefins such as 3-methylcyclopentene and 3-methylcyclohex- 
ene- polycyclic olefins such as norbomene, 1 .2-dihydrodicyclopcntadiene and l.4,5,8-dimethano-1 .2,3,4,4a 5,8,8a- 
octahydronaphthalene; and substituted polycyclic olefins such as 1-methylnorbomene, 5-methylnorbomene. 5-ethyl- 
norbomene -propylnorbornene, S-phenylnottoomene, S^jenzylnorbomene. 5-ethylidenenorbomene, 5-viny nor- 
bomene 5-chloronorbomene. 5-tluoronorbomene, 5-chloromethylnorbomene, 5-methoxynorbomene. 7-methylnor- 
bomene', 5,6-dimethylnottomene. 5.5-dichloronorbomene, 5,5,6-trimethylnorbomene. 5.5,6-trifluoro-6-trrfluorometh- 
ylnorbomene. 2-methyl-1 ,4,5,8-dimethano-1 ,2,3,4,4a,5,8,8a-octahydronaphthalene, 2-ethyl-1 ,4,5,8-dimethano- 
1 ,2.3,4.4a. 5,8.8a-octahydronaphthalene and 2.3-dimethyl-1 .4.5.8-dimethano-1 .2.3,4,4a.5,8,8a-octahydronaphatha- 
lone 

[0057] Of these compounds, preferred are polycyclic olefins, particularly norbornene or derivatives thereof. 
[0058] Further, the cyclic diolefins are not particulariy limited to, but Include noibomadienes represented by the 
following fomriula (X): 



Rt3 R14 




Wherein Ri3. Ri^. R^^^ r16, r17 and R^a may be the same as or different from each other, and are independently a 
hydrogen atom, a alkyi group or a halogen atom. . ^ o ^^^h.a 

[0059] The nortDomadienes represented by the above Formula (X) include, for example, norbomadiene, 2-methyl- 
2 5-norbomadiene. 2-ethyl-2,5-nort3omadiene. 2-propyl-2.5-nortDomadiene, 2-butyl-2.5-norbornadiene. 2-pentyl- 
2 5-norbomadiene, 2-hexyl-2.5-norbomadiene, 2-ch!oro-2.5-nori3ornadiene. 2-bromo-2.5-nort3omadiene, 2-fluoro- 
2'5-norbomadiene. 7.7-dlmethyl-2.5-norbomadiene.7.7-methylethy|.2,5-norbomadlene. 7,7-dichloro-2,5-noriDomadi- 
ene l-methyl2,5-norbomadiene, 1 -ethyI.2.5-norbomadiene, 1 .propyl-2,5-norbomadlene. 1 -buty|.2.5-nort3omadiene. 
1-chloro2 5.nortDomadiene, 1.bromo-2.5-norbornadlene. 7-methyl-2. 5-norbomadiene. 7-ethy|.2.5.nort3omadiene. 
7-propyl2!5-nori3omadiene. 7-chloro.2,5-norbomadiene, 2.3-dimethyl-2.5-nori3omadlene, 1 .4.dimethyl-2. 5-norboma- 
diene and 1 ,2,3,4-tetramethyl-2,5-nori3ornadiene. u ■ o 
[0060] Further suitable alpha-olefins to be co-polymerized with a cyclic olefin include, for example, those having 2 
to 25 carbon atoms such as ethylene, propylene, butene-l and 4-methylpentene.1 . Of these, ethylene Is most prefer- 

able. . 
[00611 Further, in the process of the present invention, as desired, copolymerizable unsaturated monomer compo- 
nents other than the above compounds, can be used. Unsaturated monomers which can be optionally copolymenzed 
include, for example, alpha-olefins otherthan those listed above, cyclic olefins other than those listed above, and chain 
dienes such as butadiene, Isoprene and 1 ,5-hexadiene. ^^^o/- * i^w 

[0062] As for polymerization conditions, the polymerization temperature may range from -1 00 to 250 C, preferabty 
from -50 to 200«>C Further, the catalyst is preferably used in an amount to provide a starting monomer/Component (A) 
molar ratio or a starting monomer/Component (B) molar ratio of from 1 to 1 09, preferably from 1 00 to 1 0^. The polym- 
erization time may usually range from 1 minute to 10 hours. The reaction pressure may range from normal pressure 
to 1 00 Kg/ cm^G, preferably from nonnal pressure to 50 Kg/cm2G. 

[0063] Polymerization methods are not particularly limited to, but include bulk polymerization, solution polymenzation 

and suspension polymerization. . ^ ^ . u u^r, 

[0064] In the case of using polymerization solvents, suitable solvents include aromatic hydrocari^ons such as ben- 
zene, toluene, xylene and ethylbenzene; alicyclic hydrocarisons such as cyclopentane. cyclohexane and methylcy- 
clohexane; aliphatic hydrocarbons such as pentane. hexane. heptane and octane; and halogenated hydrocariDons 
such as chloroform and dichloromethane. These soh^ents can be used alone or in combination. Monomers such as 
alpha-olefins can also be used as solvent. 
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[0065] The molecular weight of the resultant polymer can be controlled by appropriately selecting the amount of each 
catalyst component and polymerization temperature, or by a polymerization reaction in the presence of hydrogen. 
[0066] In the case of preparation of cyclic olef in/alpha-olefin copolymers in accordance with the process of the present 
invention, substantially linear, random copolymers having a ratio of a structural unit derived from alpha-olefin to a 
5 structural unit derived from cyclic olefin, of 0.1 :99.9 to 99.9 to 0.1 . It is possible to confinn, by completely dissolving 
the resultant copolymer in decaline at ISS^'C, that the copolymers are substantially liner. In this case, in general, co- 
polymers having an Intrinsic viscosity of 0.01 to 20 dl/g, measured in decalin at 135°C, can be obtained. 

Cyclic Olefin Copolymers (I): 

10 

[0067] The cyclic olefin copolymers (I) have (1) 0.1 to 40 mol % of the repeating unit of the fonnula [X] and 60 to 
99.9 mol % of the repeating unit of the fomiula [Y]; (2) an intrinsic viscosity of 0.01 to 20 dl/g; and (3) a glass transition 
temperature (Tg) of 150 to 370**C. 

[0068] In the repeating unit represented by the general Formula [X], is a hydrogen atom or a hydrocarbon group 

'5 having 1 to 20 cartoon atoms. 

[0069] As used herein, the hydrocartDon groups having 1 to 20 carbon atoms include, for example, a methyl group, 
ethyl group, isopropyl group, isobutyl group, n-butyl group, n-hexyl group, octyl group and octadecyl group. 
[0070] Alpha-olefins which can provide the repeating unit represented by the general Formula [X] include, for exam- 
ple, ethylene, propylene, 1-butene, 3-methyl-1-butene, 4-methyl-1 -pentene, 1-hexene. 1-octene, decene and ei- 

20 cosene. 

[0071] In the repeating units represented by the general Formula [Y], R** to R"™ are independently a hydrogen atom, 
a hydrocartDon group having 1 to 20 carbon atoms, or a substituent having a halogen atom, oxygen atom or nitrogen 
atom. 

[0072] As used herein, the hydrocarbon groups having 1 to 20 cartoon atoms include, for example, alkyi groups 
25 having 1 to 20 carbon atoms such as a methyl group, ethyl group, n-propyl group, isopropyl group, n-butyl group, 
isobutyl group, tert.-butyl group and hexyl group; aryl groups, all^ylaryl groups or arylalkyi groups having 6 to 20 carbon 
atoms such as a phenyl group, tolyl group and benzyl group; alkylidene groups having 1 to 20 cariaon atoms such as 
a methylidene group, ethylidene group and propylidene group; alkenyi groups having 2 to 20 carbon atoms such as a 
vinyl group and allyl group. However, R^, R^ R^ and R9 cannot be an alkylidene group. In addition, if any one of R**, 
30 Re, and R^ to R"* is an alkylidene group, a carbon atom to which the alkylidene group is attached, will not have the 
other substituent. 

[0073] Further, the halogen-containing substituents include, for example, halogen groups such as fluorine, chlorine, 
bromine and iodine; halogenated alkyl groups having 1 to 20 carbon atoms such as a chloromethyl group, bromomethyl 
group and chloroethyl group. 

35 [0074] The oxygen-containing substituents include, for example, alkoxy groups having 1 to 20 carbon atoms such 
as a methoxy group, ethoxy group, propoxy group and phenoxy group; and alkoxycarbonyl groups having 1 to 20 
carbon atoms such as a methoxycarbonyl group and ethoxycarbonyl group. 

[0075] The nitrogen-containing substituents include, for example, alkylamino groups having 1 to 20 carbon atonns 
such as a dimethylamino group and diethylamino group; and cyano groups. 

40 [0076] Examples of cyclic olefins which can provide the repeating units represented by the general Formula [Y]. 
include: norbomene, 5-methy!norbornene, 5-ethylnorbomene, 5-propylnorbornene, 5,6-dimethylnorbornene, 1-meth- 
ylnorbomene, 7-methylnorbornene, 5,5,6-trimethylnori3ornene, 5-phenylnorbornene, 5- benzylnorbomene, 6-ethyli- 
denenorbornene, 5-vinylnorbornene, 1 ,4,5,8-dimethano-1 ,2,3,4,4a,5,8,8a-octahydronaphthalene, 

2-methyl1 ,4,5,8-dimethano-1 ,2,3,4,4a,5,8,8a-octahydronaphthalene, 2-ethyl-1 ,4,5,8-dimethano-1 ,2,3,4,4a,5,8,8a-oc- 

^5 tahydronaphthaiene,2,3-dimethyl-1 ,4,5,8-dimethano-1 ,2,3,4,4a,5,8,Ba-octahydronaphthaiene, 2-hexyl- 
1 ,4,5,8-dimethanol ,2,3,4,4a,5,8, 8a-octahydronaphthalene, 2-ethylidene-1 ,4,5,8-dimethano-1 ,2,3,4, 4a,5,8,8a-oc- 
tahydronaphthalene, 2-fluoro-1,4,5,8-d!methano-1.2,3,4,4a,5,8,8a-octahydronaphthalene, 1 ,5-dimethyl- 

1 ,4,5,8^dimethano-1 ,2,3,4,4a, 5,8,8a-octahydronaphthalene, 2-cyclohexyl-1 ,4,5,8-dimethano-1 ,2,3,4,4a,5.8,8a-oc- 
tahydronaphthalene, 2,3-dichloro-1 ,4,5,8-dimethano-1 ,2,3,4,4a,5,8,8a-octahydronaphthalene, 2-isobutyl- 

so 1 ,4,5,8-dimethano-1 ,2,3,4.4a,5.8.8a-octahydronaphthalene, 1 ,2-dihydrodk;yclopentadiene, 5-chloronorbomene. 
5,5-dichloronorit)omene, 5-fluoronorbornene, 5,5,6-trifluoro-6-trifluoromethylnorbornene, 5-chloromethylnorbomene, 
5-methoxynorbornene, 5,6-dicarboxylnorbomene anhydrate, 6-dimethylaminonorbornene and 5-cyanonorbornene. 
[0077] The cyclic olefin copolymers (I) are basically composed of the above-mentioned alpha-olefin components and 
cyclic olefin components. However, as far as the objects of the present invention can be achieved, the other copoly- 

55 merizable unsaturated monomer components can be included if desired. 

[0078] . Such unsaturated monomers which can be optionally copolymerized include (1 ) alpha-olefins which are listed 
before, but not used as main component; (2) cyclic olefins which are listed before, but not used as main component; 
(3) cyclic diolefins such as dicyclopentadiene and norbomadiene; (4) chain diolefins such as butadiene, isoprene and 
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1 5-hexadiene: and (5) monocyclic olefins such as cyclopentene and cycloheptene. 

(fo79] The cyclic oliin copc^lyme.^ (1) may have a ratio of repeating unite [X] content (x mol% « -P-f '"9 ""'^ m 
content (y mol%) of 0.1 to 40:99.9 to 60. preferably 0.3 to 38:99.7 to 62, most preferably 10 to 35:90 to 65. if the 
Jepeating unit [X] content is less than 0.1 moi%, the resultant copolymer will have poor flov.ab.lrty If the repeating unrt 
[X] content exceeds 40 mol%, the resultant copolymer will have insufficient heat resistance. 
pieO] The cyclic olefin copolymers (1) have an intrinsic viscosity measured at 135-C in decaline of 0.01 to 20 dl^g 

f the ntrinsic viscosity is less than 0.01 di/g, the strength of the resultant copolymer will be ^^"^^^'^^^^^i^^^.^^ 
the intrinsic viscosity exceeds 20 dl/g, the copolymer will have remari<ably poor moldabihty. More preferable intnnse 

[0081*^ Further, ?tS^!^:lico*lef!n copolymers (I) have a glass tiansition temperature (Tg) of 150 to 370°C. preferably 
160 to 350'C most preferably 170 to 330-C. If such copolymers having glass transition temperature within these 
ranges are used, the resultant films or sheets can be effectively used at low temperature. The glass transition temper- 
ature (Tg) can be controlled by changing the component ratio of the copolymer and the kind of the monomers used, 
depending upon the intended application and required physical properties therefor „h«ei,.»i r.™ 

[0082] The cyclic olefin copolymers (I) can be composed of a copolymer having the above-mentioned physical pro^ 
erties and also can be composed of such copolymer and a copolymer having physical properties outside of the above 
ranges. In the latter case, the composition should have the physical properties within the above ranges. 

Cyclic Olefin Copolymeis (II): 

[0083] The cyclic olefin copolymers (11) have (1) 80 to 99.9 mol % of the repeattng unit of the 'o':;""'^ 
20 moi% of the repeating unit of the fomiula [Y]; (2) an intrii^ic viscosity of 0.01 to 20 dl/g; (3) a glass transrtior, 
temperature (Tg) of less than 30'C; and (4) a tesile modulus of less than 2,000 Kgtonz. ncr^^ri^^ 
[00841 Further, as characteristic feature, the cyclic olefin copolymers (II) have a melt peak measured by DSC of less 
than 90°G. The cyclic olefin copolymers (11) also show a crystallization peak measured by DSC (heat down stage) such 
that the sub peak appears on the high temperature side against the main peak. ,v, o„HMn 

[0085] In the cyclic olefin copolymers (11) the repeating unit represented by the general Fomiula [X] or m. and un- 
saturated monorners whfch can be optionally copolymerized, are the same as those described for the cyclic olefin 

SoSn^e Ulic olefin copolymers (II) may have a ratio of repeating unit [X] content (x mol%) to repeating unit [Y] 
content (y mol%) of 80 to 99.9:20 to 0.1 . preferably 82 to 99.5:18 to 0.5. most preferably 85 to 98:1 5 to 2. '"^e repeating 
unit [X] content is less than 80 mol%. the resultant copolymer will have high glass ~on temperature and high 
tensile modulus, resulting in films orsheets having a poor elongation recovery property and arff « '["«^e wrth ^ m°ld 
having poor impact strength and poor elasity. On the other hand, if the repeating unit [X] content exceeds 99.9 mol ^, 
meritorious effects derived from introduction of the cyclic olefin component will not be satefacloiy. 
[0087] It is preferable that the cyclic olefin copolymers (11) be substantially linear copolymers having no gel cross- 
linking structure in which the repeating units [X] and [Y] are randomly arranged. It can be confimied by complete 
dissolution of a copolymer in decalin at 135'C that the copolymer does not have a gel cross-link.ng structure. 
[00881 The cyclic olefin copolymers (11) have an intrinsic viscosity measured in decalin at 135°C of 0.01 to 20 dl/g^ 
f the ntrinsic J^scoslty is less than 0.01 dl/g. the strength of the resultant copolymer will be remarkabhr decreased _^ 
the Intrinsic viscosity exceeds 20 dl/g. the copolymer will have remari<ably poor moldab.lity. More preferable intnnsic 
viscosity may be 0.05 to 1 0 dl/g. ^ ,- • r. 

[0089] The molecular weight of the cyclic olefin copolymers (11) is not particularty limited. However, the cyclic olefin 
copolymers (II) have preferably a weight average molecularweight (Mw) measured by gel perriieation chromatography 
(GPC) of 1 000 to 2 000 000, more preferably 5,000 to 1 .000,000; a number average molecularweight (IVIn) of 500 to 
1 000 000 'more preferably 2,000 to 800,000; and a molecular weight distribution (Mw/Mn) of 1 .3 to 4. more preferab^^ 
14103 Copolymers havingamolecularweight distribution of greaterthan4, have highcontentoflowmotecularweight 
components, resulting in that the resultant molded article made with a mold and films may become sticlty. 
[0090] Thecyciicolefincopolymers(ll)haveaglasstransmontemperature(Tg)oflessthan30-C.lfsuchc^^^^^^^ 
havinj glass transition temperature within these ranges are used, the resultant films or sheets can be e««=t«/e,y use^^ 
at low temperature. More preferred glass transition temperature (Tg) is less than 20«C. particularly less than 15 a 
The glass transition temperature (Tg) can be controlled by changing the component ratio of the copolymer and the 
kind of the monomers used, depending upon the intended applteation and required physteai properties therefor 
[0091] Further, the cyclic olefin copolymers (11) preferably have a crystallization degree measured by X-ray drffrac- 
tiometry of less than 40%. If the crystallization degree exceeds 40%. the elongation recovery property and transparency 
may be decreased. More preferred crystallization degree is less than 30%. particularty less than 25%. 
[00921 The cyclic olefin copolymers (II) should have a tensile modulus of less than 2,000 Kg/cm2 For example, if 
the copolymer having a tensile strength of not less than 2.000 Kg/cm2 ^ used to prepare a film for packaging, a great 
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amount of energy will be required during packaging and beautiful packaging corresponding to an itenn to be packaged 
cannot be obtained. If such copolymer is used to prepare an article made with a mold, the resultant product may have 
insufficient impact strength. More preferred impact strength is 50 to 1 ,500 Kg/cm2. 

[0093] Further, the cyclic olefin copolymers (II) preferably show a broad melt peak measured by DSC at lower than 
5 90*C, The copolymer having a sharp melt peak at 90**C or higher has Insufficient random arrangement of a cyclic olefin 
component and an alpha-olefin component, resulting In poor elongation recovery property when molded into a film or 
the like. In addition, the broad peak is preferably seen within a range of 10 to 

[0094] In the DSC measurement, the cyclic olefin copolymers (II) do not exhibit a sharp melt peak In particular, those 
having low crystallization degree exhibit almost no peaks at the measurement conditions for conventional polyethylene. 
10 [0095] Further, the cyclic olefin copolymers (II) preferably exhibit crystallization peaks measured by DSC (tempera- 
ture decrease measurement) such that at least one relatively small sub peak appears on the high temperature side 

against the main peak. 

[0096] Because of these good thermal properties in addition to the above-mentioned physical properties of the mold- 
ed articles, including broad range of molding temperature, high quality molded artk^les such as films can be stably 
IS produced. 

[0097] The cyclic olefin copolymers (II) can be composed of a copolymer having the above-mentioned physrcal prop- 
erties and also can be composed of such copolymer and a copolymer having physical properties outside of the above 
ranges. In the latter case, the composition should have the physical properties within the above ranges. 

20 Cyclic Olefin Copolymer Compositions: 

[0098] The first cyclte olefin copolymer compositions comprise (a) 100 pats by weight of a cyclic olefin copolymer 
(II) and (b) 0.01 to 10 parts by weight of an anti-blocking agent and/or a lubricant. The second cyclic olefin copolymer 
compositions further comprise (c) 1 to 100 parts by weight of an alpha-olefin based polymer in addition to Components 
25 (a) and (b). 

[0099] In the cyclic olefin copolymer compositions anti-blocking agents, Component (b) are not particularly limited 
to, but include, for example, oxides, fluorides, nitrides, sulfates, phosphates and carbonates of metals, and double 
salts thereof. More specifically, the anti-blocking agents include, for example, silicon oxide, titanium oxide, zirocinum 
oxide, aluminum oxide, aluniinosilicate, zeolite, diatomaceous earth, talc, kaolinite, sericite, montmorillonite, hectolite, 
30 calcium fluoride, magnesium fluoride, boron nitride, aluminum nitride, calcium sulfate, strontiunn sulfate, barium sulfate, 
calcium phosphate, strontium carbonate, barium phosphate, calcium cartaonate, strontium carbonate and barium car- 
bonate. 

[0100] Further, lubricants which can be used as Component (b) are also not particularly limited to, but include higher 
aliphatic hydrocart^ons, higher fatty acids, fatty acid amides, fatty acid esters, fatty acid alcohols, potyh'ydirc alcohols 

35 and the like. These lubricants can be used alone or in combination. 

[0101] More specifically, suitable lubricants include, for example, liquid paraffin, natural paraffin polyehtylene wax, 
fluorocarbon oil, lauric acid, palmitic acid, stearic acid, isostearic acid, hydroxylauric acid, hydroxystearic acid, oleic 
acid amide, lauric acid amide, eructe acid amide, methyl stearate, butyl stearate, stearyl alcohol, cetyt alcohol, isocetyl 
alcohol, ethylene glycol, diethylene glycol and fatty acid monoglyceride. 

40 [0102] In addition, it is possible to use the anti-blocking agent alone, the lubricant alone or combinations thereof. 
[0103] In the cyclic olefin copolymer compositions, alpha-olefin based polymers, Component (c) are homopotymers 
or copolymers prepared from, as one component, an alpha-olefm represented by the following general fonmula: 

CH2— CHR 

wherein R^^ is a hydrogen atom or an aikyi group having 1 to 20 cartoon atoms, provided that the cyclk: olefin copolymers 
(II), the aboye-mentioned Component (a) are excluded. 

[0104] More specifically, suitable alpha-olefin based polymers. Component (c) include, for example, polyethylene. 

50 an ethylene/1 -butene copolymer, an ethylene/4-methyl-1-pentene copolymer, an ethylene/1 -hexene copolymer, an 
ethylene/1 -octene copolymer, an ethylene/vinyl acetate copolymer, an ethylene/acrylic acid copolymer, its metal salt, 
polypropylene, a propylene/ehtylene copolymer, a propylene/1 -butene copolymer, a poly-l-butene/ethylene copolymer, 
a 1 -butene/propylene copolymer, a 1 -butene/4-methyl-1 -pentene copolymer, a poly-4-nnethyl-1 -pentene, poly- 
3-methyl1 -butene. Of these polymers, polyethylene, an ethylene/1 -butene copolymer, an ethylene/1 -hexene copoly- 

55 mer and an ethylene/1 -octene copolymer are more suitable. 

[0105] The above first compositions comprise 0.01 to 1 0 parts by weight, preferably 0.02 to 8 parts by weight, more 
preferably 0.05 to 5 parts by weight of an anti-blocking agent and/or a lubricant. Component (b), based on 100 parts 
by weight of the cyclic olefin copolymer (II), Component (a). 
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[01061 The above second composition further comprise 1 to 1 00, preferably 2 to 80, more preferab^ 3 to 50 parts 
by weight of an alpha-olefin based polymer, Component (c), based on 1 00 parts by weight o the cyclic ^"P^'^Y 
(10, component (a) In addition to the anti-blocking agent and/or the lubricant. Component b) In the second composi- 
tions, the addition of the aipha-oiefin based polymer. Component (c) can make It possible to reduce the amount of 
Component (b) used and can also solve problems such as bleeding out. 

[010?I ,nthefir^tandsecondcompositions,ifthearnountofComponent{b)addedlslessthan0.01pa,tsbywe.ght. 
the compositions will have too large adhesiveness, resulting In poor moldability. If the amount exceeds 10 parts by 
weiaht the transparency will be decreased. • u* ♦u 

[0108l' Further, in the second compositions, if the amount of Component (c) added is less than 1 part by weight, the 
meritorious effects derived from addition of the alpha-olefin polymer cannot be expected If the arriount exceeds 100 
parts byweight. the elongation recoveryproperty will be insufficient, inaddition.thecyclicoleincopolymer^ 

of the present invention may comprise the other additives such as stabilizers such as an antioxidant and UV-absorbant, 
antistaticagent.inorgante or organic filler, dye. pigment and the like. ,.u..„,^^«„t 
[01091 Thereisnospecificiimitationtoaproducttonprocessofthecydicolefincopolymercompositionsoft 
invenl!ion. However, the compositions can be effectively produced by mixing each of components in a molten state_ 
Conventional melt-mixing machines which can be used Include, for exao^le. open type on^ such as a m«ing roll and 
closed type ones such as a Bunbury mixer, extruder, kneader. continuous mixer and the like. ^„„.,„^.^ 
[01101 In addition it is also preferable to add additives such as Component (b) to the compositions, by preliminanly 
add such additives to a cyclic olefin copolymer or an alpha-olefin based resin to prepare a master batch. 

Molded Artfcles: 

[0111] The cyclic olefin copolymers (I) and (11). and the cyclic olefin copolymer compositions described above can 
be molded into films, sheets and other various molded articles by known methods. For example, the eye ic olefin co- 
polymers or compositions can be subjected to extrusion molding, injection molding, blow molding or rotation molding 
Wit?, use of a uniaxial extruder, vent type extruder, biaxial screw extruder, biaxial conical 

pratificater. mixtruder. planetary screw extruder, gear type extruder, screwless extmderorthe like. Further, films and 
sheets can be produced by a T-die method, inflation method or the like. 

[01121 in addition, the cyclic olefin copolymer compositions described above can be directly subjected to processing 
during the production of the composition if necessary. In the practice of processing, known additives such as heat 
stabilizer, light stabilizer, antistatic agent, slipping agent, anti-blocking agent, deodorant, lubricant, synthesized oil. 
naturalo i. inorganic or organic filler, dye and pigment, can be added if desired. ■ ^ 

roi13] T^e fifms or sheL obtained from the cyclic olefin copolymers (I) as described above are superior in heat 
resistance, transparency, strength and hardness, and thus can be effectively used in an optical, medical, and food field 

rdl14rThe films or sheets made from the cyclic olefin copolymers (II) have a good elongation recovery property, 
good transparency, suitable elasity and well-balanced physical properties, and thus can be effectively used In a pack- 
aging, medical, agricultural field or the like. 

[0115 Further, the wrapping films made of the cyclic olefin copolymers (II) are superior In P™P«;«f« 
as transparency, an elongation recovery property, adhesiveness, a tensile property, stabbing strength, tear strength 
low temperature heat sealability. The wrapping films have no problems from a food sanitary view point and from a 
waste incineration view point, and thus are pollutionless products. „„Ht™„oo»r 
[01161 Furthermore, the molded artfcles made with a mold from the cyclic olefin copolymers (11) have good transpar- 
ency, elasity and Impact strength, and thus can be used as various products such as automotive parts, parts for home 
electronics appliances, electric wire coating parts, goods or materials for construction. 

[EXAMPLES] 

[01 17] The present invention will be described in more detail with reference to the following Examples and Compar- 
ative Examples, which are not constmed as limiting. 

[0118] In the Examples and Comparative Examples, physical properties were measured as follows. 

[0119]"' T^^ p\es 1 to 73. the weight average molecular weight (Mw), number average molecular weight (Mn) and 

molecular weight distribution (Mw/Mn) were measured with GPC-880 manufactured by ^""^^^ 

GMH-6 X 1 manufactured by Tosoh; GL-A120 X 1 and GL-A130 X 1 manufactured by Hitachi) under the following 

conditions: 

Solvent: Chlorofomn 
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Temperature: 23*C 

Standard Polymer: Polystyrene. 

[0120] In the other Examples and Comparative Examples, Mw, Mn, and Mw/Mn were measured with ALC/GPC- 
5 150C manufactured by Waters {column: TSK GMH-6 X 2 manufactured by Tosoh) under the following conditions: 

Solvent: 1 ,2,4-trichloroben2ene 

Temperature: 1 35*0 

Standard Polymer: Polyethylene. 

10 

Intrinsic Viscosity [y\] 

[0121] The intrinsic viscosity was measured in decaline at 135*C. 
IS Norbomene Content 

[0122] The norbornene content was calculated from a ratio of the sum of a peak measured by "'^c-NMR appearing 
at 30 ppm and derived from ethylene and a peak derived from a methylene group in the 5th and 6th positions of the 
norbomene; to a peak appearing at 32.5 ppm and derived from a methylene group in the 7th position of the norbomene. 

20 

Degree of Crystallization 

[0123] A specimen was prepared by heat pressing. The speciment was evaluated at room temperature by X-ray 

diffractlometry. 

25 

Glass Transition Temperature (Tg) 

[0124] As a measurment equipment, VIBRON ll-EA manufactured by Toyo Bowlding was used. A specimen having 
a width of 4 mm, a length of 40 mm and a thickness of 0.1 mm was evaluated at a heat up rate of 3**C/min. and at a 
30 frequency of 3.5 Hz. The glass tansitlon temperature was calculated from the peak of the loss modulus (E") measured 
In the above manner. 

Softening Point (TMA) 

35 [0125] A copolymer was heated to 250*C to prepare a press sheet having a thickness of 0.1 mm. A specimen was 
cut out of the press sheet, and evaluated for softening point (TMA). The TMA is the temperature when the specimen 
was torn off by heating the specimen at a heat up rate of 1 0'C/min while a load of 3 g/mm^ was applied to the specimen. 
The TMA was measured by TMA-100 manufactured by Seiko Electronics. 

40 Melting Point (Tm) 

[0126] The melting point was measured with DSC (7 series manufactured by Parkln-Elmar) at a heat up rate of 1 0*C/ 
min. The melting point was measured at between -50*C and 150*C. 

45 Crystallization Temperature 

[0127] The crystallization temperature was measured by heating a specimen with DSC (7 series manufactured by 
Paricin-Elmar) at a heat up rate of 1 0*C/min. up to 1 50*C, keeping it for 60 seconds, and then cooling it at a heat down 
rate of 1 0"C/min. up to -50*C. 

50 . 
Tensile Modulus 

[0128] The tensile modulus was measured with an autograph in accordance with JIS-K7113. 
55 Tensile Strength at Break 

[0129] The tensile strength at break was measured with an autograph in accordance with JIS-K7113. 
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Elongation at Break 

[0130] The elongation at break was measured with an autograph in accordance with JIS-K711 3. 
Elastte Recovery 

[01311 A specimen having a width of 6 mm and a length between clamps (M of 50 mm. was extended up to 1 50% 
with an autograph at a pulling rate of 62 mm/min.. and kept for 5 minutes. Then, the specimen was allowed to shrink 
without rebounding. One minute later, the lenth between clamps (L^) was measured. The elastic recovery was calcu- 
lated in accordance with the following equation. 

Elastic Recovery = [1-{(Li-Lo)/Lo)] X 100 

[0132] In this case, preferable elongation recovery rate may be at least 10%. more preferably at least 30%. most 
preferably at least 60%. 

All LIphtTransmittance. Haze 

[0133] The all light transmlttance and haze were measured with a digital haze computer manufactured by Suga 
Testing Equipment in accordance with J1S-K7105. 

Heat Seal Temperature 

25 [01341 A specimen (4 cm x 20 cm) was heat sealed by pressing the heat seal portion (1 0 mm X 16 mm) at a pressure 
of 2 Kg/cm2 for one second. Thirty minutes later, the specimen was pulled to separate the heat seal portion at a pulling 
rate of 200 mm/min until the heat seal was broken. The heat seal temperature was the temperature when the strength 
to pull the specimen reached 300 g. 

30 Elemendorf Tear Strength 

[0135] The Elemendorf tear strength was measured in accordance with JIS-P811 6. 

Self Adhesiveness 

[01 36] The self adhesiveness was evaluated by observing if the films pressed together was separated after a certain 
period of time. 

Stabbing Strength 

[0137] The load when a specimen was stabbed with a needle having a tip radius of 0.5 mm at a stabbing rate of 50 
mm/ min., was measured. 

Izod Impact Strength 

[0138] The izod impact strength was measured In accordance with JIS-K7110. 

Molding Shrinkage Factor 

50 [0139] Injuction molding was carried out with a mold (70 mm x 70 mm X 20 mm) to prepare a molded article. After 
the molded article was allowed to stand at 23«>C for 24 hours, the shrinkage factor was measured by comparing the 
size of the molded article with the size of the mold. 



40 



45 



55 



Gas Penneability 

[0140] The gas permeability was measured at 23*C in accordance with Process A (differential pressure process) of 



JIS-K7126. 
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Moisture Permeability 

[01 41] Tlie moisture permeability was measured at 40*'C at a comparative moisture of 90% in accordance with the 
cup process (Conditions B) of JIS-Z0208. 

5 

Olsen Stiffness 

[0142] The olsen stiffness was measured in accordance with JIS-K71 06. 
10 Shore Hardness 

[0143] The shore hardness was measured in accordance with JiS-K7215. 
Example 1 

15 

(1 ) Preparation of Triethylammonium Tetrakis(pentafluorophenyl)borate: 

[01 44] Pentaf luorophenyllithium prepared from bromopentafluorobenzene (1 52 mmol) and butyllithium (1 52 mmoi), 
was reacted with 45 mmol of boron trichlorode in hexaneto obtain trls(pentafluorophenyl)boron as a white solid product. 
20 The obtained tris(pentafluorophenyl)boron (41 mmol) was reacted with pentafluorophenyllithium (41 mmol) to isolate 
lithium tetrakis(pentafluorophenyl)borate as a white solid product. 

[0145] Further, lithium tetrakis(pentafluorophenyl)borate (1 6 mmol) was reacted with triethylamine hydrochloride (1 6 
mmol) in water to obtain 12.8 mmol of triethylammonium tetrakis(pentafluorophenyl)borate as a white solid product. 
[0146] It was confimried by iH-NMR and i^C-NMR that the reaction product was the target product. 
25 1H-NMR (THFdg): 

-CH3 1 .31 ppm 
-CH2- 3.27 ppm 

30 13C.NMR: 

-CgFs 150.7, 147.5. 140.7, 138.7, 137.4, 133.5 ppm 
-CH2- 48.2 ppm 
-CH3 9.1 ppm 

35 

(2) Preparation of Catalyst: 

[0147] One milimo! of (cyclopentadienyl)trlmethylzirconium was reacted with 1 mmol of triethylammonium tetrakis 
(pentaf luorophenyl)borate in 50 ml of toluene at room temperature for four hours. After the solvent was removed, the 
40 obtained solid product was washed with 20 ml of petroleum ether, dried and dissolved in 50 ml of toluene to obtain a 
catalyst solution.' 

(3) Polymerization: 

45 [0148] A 100 ml flask was charged with 25 mmol of cyclopentene, 0.05 mmol of the catalyst (as transition metal 
component), and 25 ml of toluene. Then, the reaction was carried out at 20'C for 4 hours. The reaction product was 
placed into methanol and the precipitated white solid product was recovered by filtration. Then, the obtained product 
was washed with methanol and dried. The yield was 0.61 g. 

[01 49] The polymerization activity was 0.1 3 Kg/gZr (1 2 Kg/mol-Zr). As a result of molecular weight measurement by 
50 GPC, it was found that the obtained product had a Mw of 8,200 and a Mw/Mn of 2.6. 

[0150] Further, it was found by ^H-NMR that the obtained product did not show absorption derived from a cartaon- 
cari^on double bond at 5.7 ppm, and by infrared spectrophotometry that the obtained product was polymerized with 
keeping the rings therein. 

55 Example 2 

[0151] In a 100 ml flask, 25 mmol of cyclopentene, 0.05 mmol of (cyclopentadienyl)tribenzylzirconium, and 0.05 
mmol of triethylammonium tetrakis(pentafluorophenyl)borate were reacted in 50 ml of toluene at 20''C for 4 hours. 
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Thereafter, the reaction mixture was placed into 100 mi of rnethano. -''J,*^^ P^j^^^^^^^^^ 

recovered by filtration. Then, the obtained product was washed with 50 ml of methanol, and dned under reauc 

GPC. It was found that the obtained product had a Mw of 9.400 and a IVIw/IWIn of 2.6. 
Example 3 

r0153l In a 100 ml flasic. 25 mmol of norbomene (in a 70 wt.% norbomene solution containing the same solvent as 

GPC. it was found that the obtained product had a Mw of 1 2,000 and a Mw/Mn of 2.3. 
Example 4 

of 1 .38 di/g and a norbomene content of 12 mol%. 
Example 5 

(1) Preparation of Catalyst: 

roi 571 One milimoi of ethvlenebis(indenyl)dimethylzirconium was reacted with 1 mmol of triethylanamonlum tetrakis 

(2) Polymerization: 

[01581 A 100 ml flask was charged with 25 mmol of cyclopentene. 0.05 mmol of the ^^^IV^ ^Z^^"?*'"" 

E^rrm^r^^^^ 

5; T'^e polymerizatlon activ«y was 0.1 8 Kg/gZr (1 6.8 Kg/mol-2r). As a resu« of molecular weight measurement 
bv GPC it was found that the obtained product had a Mw of 7,800 and a Mw/Mn of 2.8. ^ . ^ , .^^ 
?0160T' further K wi found by 'H-NMR that the obtained product did not show absorption denved from a carbon- 
caZ doubTe bondT5.7 ppm'and by infrared spectrophotometry that the obtained product was polymenzed wrth 
Iceeping the rings therein. 

Example 6 

rrnisii In a 100 ml flask 25 mmol of cyclopentene. 0.05 mmol of ethyienebis(indenyl)dimethylzirconium. and 0.05 

s^i^oft:;^^ .rm:Sm\rk.^^^^^^^ 

carried out at 20»C for 4 houre, the reaction product was placed into 1 00 ml of methanol. The P'^'P™ 

^oTuct wl lecovered by filtration, washed with 50 ml of methanol, and dried under reduced pressure to obtain 0.63 

?of62;%rJp?^eTation activ^ was 0.14 Kg/gZr(12.6 Kg/mol-Zr). As a ^su« of rnoiecular weight measurement 
by GPC. it was found that the obtained product had a Mw of 9.000 and a Mw/Mn of 2.7. 
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Example 7 

[0163] In a 100 ml flask, 25 mmol of norbornene, 0.05 mmol of ethylenebis(inclenyl)dinnethylzirconium, and 0.05 
mnnol of triethylammonium tetrakis(pentafluorophenyl)borate were reactecd in 50 ml of toluene. After, the reaction was 
5 carried out, while stirring, at 20''C for 4 hours, the reaction mixture was placed into 1 00 ml of methanol. A white solid 
product was precipitated, recovered by filtration, and dried to obtain 0.49 g of a solid product. 
[0164] The polymerization activity was 0.11 Kg/gZr (9.8 Kg/mol-Zr). As a result of molecular weight measurement 
by GPC, it was found that the obtained product had a Mw of 1 0,500 and a Mw/Mn of 2.1 . 

10 Example 8 

[0165] The procedures of Example 7 were repeated except that ferrocenium tetrakis(pentafluorophenyl)borate was 
used instead of triethylammonium tetrakis(pentafluorophenyl)borate. The yield was 0.82 g. 

[0166] The polymerization activity was 0.1 8 Kg/gZr (1 6.4 Kg/mol-Zr). As a result of molecular weight measurement 
IS by GPC, it was found that the obtained product had a Mw of 9,800 and a Mw/Mn of 2.6. 

Example 9 

[0167] The procedures of Example 7 were repeated except that silver tetrakls{pentafluorophenyl)borate was used 
^0 instead of triethylammonium tetrakis(pentafluorophenyt)borate. The yield was 0.56 g. 

[0168] The polymerization activity was 0.12 Kg/gZr (1 1 .2 Kg/mol-Zr). As a result of molecular weight measurement 
by GPC, it was found that the obtained product had a Mw of 8,900 and a Mw/Mn of 2.4. 

Example 10 

25 

[0169] The procedures of Example 7 were repeated except that trityl tetrakis(pentafluorophenyl)borate was used 
instead of triethylammonium tetrakis(pentaftuorophenyl)borate. The yield was 0.64 g. 

[0170] The polymerization activity was 0.14 Kg/gZr (12.8 Kg/mol-Zr), As a result of molecular weight measurement 
by GPC, it was found that the obtained product had a Mw of 9,100 and a Mw/Mn of 2.3. 

30 

Example 11 

[0171] A glass vessel purged with argon, was charged with 1 00 ml of toluene, 25 mmol of cyclopentene, 0.01 mmol 
of triethylammonium tetrakis(pentafluorophenyl)borate, 0.2 mmol of triisobutylaluminum and 0.01 mmol of ethylenebis 
35 (indenyl) dimethylzlrconium. The reaction was candied out at 20**C for 1 hour, and terminated by placing the reaction 
mixture into methanol. The white solid product was recovered by filtration, and dried to obtain 0.85 g of a white solid 
product. 

[0172] The polymerization activity was 0.93 Kg/gZr (86 Kg/mol-Zr). As a result of molecular weight measurement by 
GPC, it was found that the obtained product had a Mw of 11 ,000 and a Mw/Mn of 2.3. 
40 • 
Example 12 

[0173] To a 500 ml glass vessel, 200 ml of dried toluene and 25 mmol of norbomene were charged and ethylene 
gas was purged at 50**C for 10 minutes. Thereafter, 0.01 mmol of ethylenebis(indenyl)dimethylzirconlum and 0.01 
45 mmol of triethylammonium tetrakis(pentafluorophenyl)borate were added to the reaction vessel to initiate the polym- 
erization. After the polymerization was carried out at 50'C for 1 hour, the polymerization was tenninated by addition 
of methanol. The reaction product was recovered by filtration, and dried to obtain 2.1g of a copolymer. 
[0174] The polymerization activity was 2.3 Kg/gZr (210 Kg/mol-2r). The obtained product had an intrinsic viscosity 
of 1 .40 dl/g and a nortDornene content of 10 mol%. 

so 

Example 1 3 

[0175] To a 500 ml glass flask, 200 ml of dried toluene, 21 mmol of nortDornene, 0.2 mmol of triisobutylaluminum, 
0.01 mmol of ethylenebis(indenyl)dimethylzirconium, and 0.01 mmol of triethylammonium tetrakis(pentafluorophenyl) 
55 borate were charged and kept at 50*C for 1 0 minutes. Thereafter, the polymerization was carried out for 1 hour while 
introducing ethylene gas. The polymerization was terminated by addition of methanol. The obtained copolymer was 
recovered by filtration, and dried to obtain 6.3 g of a solid product. 

[0176] The polymerization activity was 6.9 Kg/gZr (630 Kg/mol-Zr). The obtained product had an intrinsic viscosity 
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of 2.15 dl/g and a noitoomene content of 8 mol%. 
Example 14 

[01771 To a 500 ml glass vessel, 200 ml of dried toluene and 25 mmol of norbomene were charged and ethylene 
aas was purged at 50°C for 10 minutes. Thereafter. 0.05 mmol of climethylsilylenebis(cyclopentadienyl)dlmethy zirco- 
nium and 0.05 mmol of triethylammonium tetrakis(pentafluorophenyl)borate were added to the reaction vessel to in- 
itiate the polymerization. Afterthe potymerization was carried out at 50-C for 1 hour, the polymerization was termma ed 
by addition of methanol. The reaction product was recovered by filtration, and dried to obtain 4^0 g "P°^^ 
[01781 The polymerization activity was 0.88 Kg/gZr (80 Kg/mol-Zr). The obtained product had an intrinsic v«cosity 
of 1 .36 dl/g and a norbomene content of 38 mol%. 

Comparative Example 1 

[0179] A glass vessel purged with argon, was charged wfth 100 ml of toluene, 25 mmol of cyclopentene. 0.2 nrimol 
of aluminoxane and 0.05 mmol of ethyienebis(indenyDdichlorozirconium. The reaction was earned out at 20 C for 1 
hour, but a polymer was not obtained. 

Comparative Example 2 

roiBOl To a 500 ml glass vessel. 200 ml of dried toluene and 21 mmol of norbomene were charged and ethylene 
gas was purged at 50»C for 1 0 minutes. Thereafter. 0.2 mmol of aluminoxane and 1 .25 x 1 0-2 mol of bis(cyclopenta- 
dienyl) dichlorozirconium were added to the reaction vessel to initiate the polymerization. The polymerization was 
carried out at 20»C for 1 hour, but a polymer was not obtained. 

Comparative Example 3 

[0181] A 500 ml glass flask was charged with 200 ml of dried toluene and 21 mmol of norbomene. To the "ask. 0.2 
mmol of aluminoxane and 0.01 mmol of dimethylsilylenebis(cylcopentadienyl)dichloroziroconium were further added, 
and the reaction mixture was kept at 50'C for 10 minutes. Thereafter, the polymerization was earned out for 1 hour 
while introducing ethylene gas. but a polymer was not obtained. 

Example 1 5 

(1) Synthesis of ICp^FeKBCCeFsy (in accordance with techniques described in Jolly. W L Jhe Syirthesls and 
Characterization of Inorganic Compounds; Prentice-Hall: Englewood Cliffs. NJ. 1970. P4B7): 

[01821 Ferrocene (3.7 g, 20.0 mmol) was reacted with 40 ml of concentrated sulfuric acid at room terriperature for 

one hlur to obtain very daric blue solution. The obtained solution was placed In 1 litter «f ^^^f' 

slightly dark blue solution. The obtained solution was added to 500 ml of an ° ^^^^f ^^5^^^^^^^ 

20 0 rnmol: Synthesized in accordance with a process described in J. Organometal. Chem 2 (1964) 245)^ The ^gM 

blue precipitate was taken by fittaration and then washed with 500 ml of water five times. Then, the washed product 

was dried under reduced pressure to obtain 14.7 g (17 mmol) of the target product, [ferrocenium tetrak«{pentafluor- 

ophenyl)borate. 

(2) Polymerization: 

[01831 A 1 litter autoclave was charged with 400 ml of dried toluene. 0.05 mmol of ferrocenium tetrakis{pentafluor- 
ophenyl) borate. 0.05 mmol of bis(cyclopentadienyl)dimethylzirconium and 1 00 mmol of norbomene. Then. *e polym- 
erizatio,; was carried out at 50-C at an ethylene pressure of 5 Kg/cm^ for 4 hours to obtain 5.3 g of a copolymer. The 

polymerization activity was 1 .2 Kg/gZr *, * o oyi onH » nrwc 

[0184] The obtained copolymer had a norbomene content of 2 mol%: an intnnsic viscosity of 2.24 dl/g, and a crys- 
tallization degree of 8%. 

Example 16 

[01851 A 1 litter autoclave was charged with 400 ml of dried toluene. 0.6 mmol of trilsobutylaluminum. 0^03 mmol of 
ferrocenium tetrakis(pentafluorophenyl)borate. 0.03 mmol of bis(cyclopentadienyDdlmethylzirconium and 200 mmol of 
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norbornene. Then, the polymerization was carried out at 50"C at an ethylene pressure of 5 Kg/cm^ for 0.5 hours, and 
terminated by addition of methanol. The reaction product was recovered by filtration, and dried to obtain 71 g of a 
copolymer. The polymerization activity was 26 Kg/gZr. 

[0186] The obtained copolymer had a norbornene content of 7 mol%; an intrinsic viscosity of 2.10 dl/g; and a crys- 
s tallization degree of 6%. 

Example 17 

[0187] The procedures of Example 1 6 were repeated except that 1 ,1 -dimethylferrocenium tetralds(pentafiuorophe- 
10 nyl) borate was used instead of ferrocenium tetrakis(pentaf luorophenyl)borate. As a result, 64 g of a copolymer were 
obtained. The polymerization activity was 23 Kg/gZr. 

[0188] The obtained copolymer had a noibornene content of 7 mol%; an intrinsic viscosity of 1 .72 dl/g; and a crys- 
tallization degree of 7%. 

15 Example 1 8 

[01 89] The procedures of Example 1 6 were repeated except that dimethylanitinium tetral<is(pentaf luorophenyi)borate 
was used Instead of fenrocenium tetral<is(pentafluorophenyi)borate, and the polymerization temperature was changed 
to 4 hours. As a result, 30 g of a copolymer were obtained. The polymerization activity was 11 Kg/gZr. 
^ [0190] The obtained copolymer had a norbornene content of 7 mol%; an intrinsic viscosity of 1 .54 dl/g; and a crys- 
tallization degree of 8%. 

Example 1 9 

25 [0191] A 1 litter autoclave was charged with 400 ml of dried toluene, 0.4 mmol of triisobutylaluminum, 0.02 mmol of 
1 ,1 '-dimethyiferrocenium tetrakis(pentafluorophenyi)borate, 0.02 mmol of bis(cyclopentadienyi)dimethylztrconium and 
260 mmol of norbornene. Then, the polymerization was carried out at 50'*C at an ethylene pressure of 5 Kg/cm^ for 1 
hour, to obtain 95 g of a copolymer. The polymerization activity was 52 Kg/gZr; 

[0192] The obtained copolymer had a norbornene content of 7 mol%; an intrinsic viscosity of 1 .69 dl/g; and a crys- 
30 tallization degree of 7%. 

Example 20 

[0193] The procedures of Example 1 6 were repeated except that the amount of norbomene added was changed to 
35 250 mmol, and the polymerization temperature was changed to 70*C. As a result, 1 05 g of a copolymer were obtained. 
The polymerization activity was 38 Kg/gZr. 

[0194] The obtained copolymer had a norisomene content of 5 mol%; an intrinsic viscosity of 2.15 dl/g; and a crys- 
tallization degree of 8%. 

40 Example 21 

[0195] The procedures of Example 20 were repeated except that the amount of norbomene added was changed to 
350 mmol. As a result, 63 g of a copolymer were obtained. The polymerization activity was 23 Kg/gZr 
[0196] The obtained copolymer had a norbornene content of 1 0 mol%; an intrinsic viscosity of 1 .89 dl/g; and a crys- 
45 tallization degree of 5%. 

Example 22 

[0197] The procedures of Example 16 were repeated except that bis(pentamethylcyclopentadienyl)dimethylzirconi- 
50 um was used instead of bis(cyclopentadienyt)dimethylzirconium, and the polymerization time was changed to 4 hours. 
As a result, 85 g of a copolymer were obtained. The polymerization activity was 31 Kg/gZr. 

[0198] The obtained copolymer had a norbomene content of 4 mol%; an intrinsic viscosity of 2.32 dl/g; and a crys- 
tallization degree of 9%. 

55 Example 23 

[0199] The procedures of Example 16 were repeated except that bis{cyclopentadienyl)dimethyl hafnium was used 
Instead of bls(cyclopentadlenyl)dimethylzlrconium. As a result, 53 g of a copolymer were obtained. The polymerization 
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loSl "Se oSe'i copo.ymer had a no*ornene content of 7 moR.; an intrinsic viscosity of 1 .77 dUg: and a crys- 
tallization degree of 7%. 

Example 24 

r0201l The orocedures of Example 1 6 were repeated except that bis{cyclopentadienyl)dibenzylzirconium was used 
Sad oJ^bTsSX^enyOdlr^ethylzirconlurn. As a result, 74 g o, a copo^mer were obtained. The po^menzat.on 

"^YobSned copolymer had a norbornene content of 6 mo./.; an intrinsic viscos«y of 1 .85 dUg; and a crys- 
tallization degree of 8%. 

Example 25 

102031 The orocedures of Example 22 were repeated except that dimethyl8ilylenebls(cyclopentadlenyl)dimethyl2lr- 
SuLasusTdln^^^^^^^^ 

tallization degree of 0%. 
Comparative Example 4 

[02051 TheproceduresofExample15wererepeatedexceptthatferroceniumtetrakis(pentafluorophenyl)boratew 
not used. As a result, a polymer was not obtained. 

Comparative Example 5 

[0206] The procedures of Example 15 were repeated except that bls(cyclopentadienyl)dimethyl2irconium was not 
used. As a result, a polymer was not obtained. 

Example 26 

ro207l The orocedures of Example 1 6 were repeated except that bis(cyclopentadlenyl)dimethoxy2lrconium was used 

!nSdo^rs(';Tore«s^^^^^ 

S The'IwS copoiymer had a norbornene content of 7 mol%: an intrinsic viscosity of 2.74 d.g; and a crys- 
tallization degree of 6%. 

Example 27 

ro209l A 1 litter autoclave was charged with 400 ml of dried toluene, 0.6 mmol of triisobutylaluminum and 0.015 mmol 
K cycCmldiS"*^^^^^^ After agUation, 0.045 mmol of f -"^'^^P^" J'^^^^^^^^ 

rateS200 mmol of norbornene were added to the reaction mixture. The polymenzation was ^^"'^J^f^f^^.^j; 
^XleSDre^ureof5Kg/cm2for0.5 hours, to obtain 65^ 

Th^obtred co^f^er had a norbimene content of 8 mol%; an intrinsic viscosrty of 2.30 dUg; and a crys- 

tallization degree of 5%. 
Example 28 

102111 The procedures of Example 24 were repeated except that ^^(cyclopentadlenyOdlbenzylzlroonium an^ 
Snium te?4fe(pentaf luorophenyDborate were used in an amount of 0.015 mmol. respectively. As a result. 84 g of a 
coDolvmer were obtained. The polymerization activity was 62 Kg/gZr. ... ^ , o < q hi/^. »nH «. m« 

S?2lT ThToWained copolymer had a norbornene content of 6 mol%; an intrinsic viscosity of 2.13 dl/g. and a crys- 
tallization degree of 6%. 

Example 29 

[02131 The procedures of Example 27 were repeated except that bls(cyclopentadlenyl)monochloromonohydridezir- 
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conium was used instead of bis(cyclopentadienyl)dichlorozirconium. As a result, 62 g of a copolymer were obtained. 
The polynrterization activity was 45 Kg/gZr. 

[0214] The obtained copolymer had a norbornene content of 8 mol%; an intrinsic viscosity of 2.34 dl/g; and a crys- 
tallization degree of 5%. 

5 

Example 30 

[0215] The procedures of Example 16 were repeated except that (cyclopentadienyl)trimethylzirconlum was used 
instead of bis(cyclopentadienyl)dimethylzlrconlum. As a result, 68 g of a copolymer were obtained. The polymerization 
: 10 activity was 25 Kg/gZr. 

[0216] The obtained copolymer had a norbornene content of 7 mol%; an intrinsic viscosity of 2.22 dt/g; and a crys- 
tallization degree of 6%. 

Example 31 

15 

[0217] . The procedures of Example 22 were repeated except that tetrabenzylzirconium was used Instead of bis(pen- 
tamethylcyclopentadienyl)dlmethylzirconlum. As a result, 50 g of a copolymer were obtained. The polymerization ac- 
tivity was 1 8 Kg/gZr. 

[0218] The obtained copolymer had a norbornene content of 6 mot%; an intrinsic viscosity of 2.50 dl/g; and a crys- 
20 tallization degree of 8%. 

Example 32 

[021 9] The procedures of Example 1 6 were repeated except that silver tetrakis(pentaf luorophenyl)borate was used 
25 instead of ferrocenium tetrakis(pentafluQrophenyl)borate. As a result, 48 g of a copolymer were obtained. The polym- 
erization activity was 1 8 Kg/gZr. 

[0220] The obtained copolymer had a norbornene content of 7 mol%; an Intrinsic viscosity of 1 .94 dl/g; and a crys- 
tallization degree of 6%. 

30 Example 33 

[0221] The procedures of Example 1 6 were repeated except that 1 00 mmol of 1 ,4,5,8-dimethano-1 ,2,3,4,4a,5,8,8a- 
octahydronaphthalene was used instead of norbornene. As a result, 35 g of a copolymer were obtained. The polym- 
erization activity was 1 3 Kg/gZr, 
35 [0222] The obtained copolymer had a cyclic olefin content of 5 mol%; an intrinsic viscosity of 1 .57 di/g; and a crys- 
tallization degree of 9%. 

Example 34 

40 [0223] The procedures of Example 33 were repeated except that dlmethylsitylenebis(cyclopentadlenyl)dlmethylzir- 
conium was used instead of bis(cyclopentadienyl)dimethylzirconium, and the polymerization time was chagnged to 4 
hours. As a result, 14 g of a copolymer were obtained. The polymerization activity was 5 Kg/gZr. 
[0224] The obtained copolymer had a cyclic olefin content of 39 mol%; an intrinsic viscosity of 1 .61 dl/g; and a 
crystallization degree of 0%. 

45 . 
Example 35 

[0225] A 1 litter autoclave was charged with 400 ml of dried toluene. 0.6 mmol of triisobutyialuminum, 0.03 rhmol of 
ferrocenium tetrakis(pentafiuorophenyl)borate, 0.03 mmol of bis(cyclopentadienyl)dimethylzirconium and 230 mmol of 
50 norbornene. Then, propylene was introduced into the autoclave to keep a propylene pressure of 2 Kg/cm^, and the 
polymerization was carried out at 50*C for 1 hour while ethylene was continuously introduced so as to keep a total 
pressure to 5 Kg/cm^. As a result, 41 g of a copolymer were obtained. The polymerization activity was 15 Kg/gZr. 
[0226] The obtained copolymer had a norbornene content of 7 mol%; an intrinsic viscosity of 1 .47 dt/g; and a crys- 
tallization degree of 0%. 

55 

Example 36 

[0227] A 1 litter autoclave was charged with 400 ml of dried toluene, 0.6 mmol of triisobutylalumlnum, and 0.05 mmol 
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Of bis(cyclopentadlenyl)dichlorozirconium. Atter agitation. 0.01 mmol of benzyl(4-cyano)pynd,n.umtetrak.s^ 
opheniJ)borate and 200 mmol of norbornena wer« added. Then, the polymerization was earned out at 90-C at an 
ethylene pressure of 9 Kg/cm^ for 0.5 hours, to obtain 33 g of a copolymer. The po.ymenzat.on actMty was 72 Kg/gZr. 
[0228] The obtained copolymer had a norbomene content of 6 mol%; and an intrinsic viscosity of 2.01 dl/g. 



Example 37 



[02291 The procedures of Example 36 were repeated except that methyi(2-cyano)pyridinium letra'^^tP^'If ^'^P*'" 
enyi) borate was used instead of benzyl(4-cyano)pyridinium tetrakis(pentafluorophenyl)borate. As a result, 15 g of a 
copolymer wer« obtained. The polymerization activity was 33 Kg/gZr. ..... ^^oahu„ 

[0230] The obtained copolymer had a norbomene content of 5 mol%; and an intnnsic viscosity of 2.34 dl/g. 

Example 38 

r0231] The procedures of Example 36 were repeated except that tetraphenylporphyrin manganese tetrakl8(pen- 
tafiuorophenyl)borate was used instead of benzyl(4-cyano)pyridinlum tetrakis(pentafluorophenyl)borate. As a result. 
58 g of a copolymer were obtained. The polymerization activity was 1 27 Kg/gZr. . - 

[0232] The obtained copolymer had a norbomene content of 6 mol%; and an intnnsic viscosity of 1 .95 dl/g. 

Example 39 

[0233] A 1 litter autoclave was charged with 400 ml of dried hexane. Then, a catalyst solution prepared by Pre-mixing 
0 ml Of toluene. 0.6 mmol of triisobutylalumlnum. and 0.06 mmol of bis{cyciopentadienyl)d.chtoroz.n^^^^^^ 

mmol Of dimethylanilinlum tetrakis(pentafluoropheny.)borate was added to the aoutoclave. After ''^^^'^'^•^^l^^ 
of norbomene was added. Then, the polymerization was carried out at 90»C at an ethylene pressure of 9 Kg/cm^ for 
0.4 hours, to obtain 10 g of a copolymer. The polymerization activity was 18 Kg/gZr. 

[02341 The obtained copolymer had a norbomene content of 16 mol%; and an intnnsic viscosity of 0.42 di/g. 
Example 40 

[0235] The procedures of Example 39 were repeated except that a mixed solvent of 200 ml of hexane and 200 ml 
of toluene was used instead of 400 ml of dried hexane. As a result. 59 g of a copolymer were obtained. The polymer- 

^ T?!?'oMainld°<S'o>^er had a norbomene content of 4.2 mol%; and an intrinsic viscosity of 1 .14 dl/g. 
Example 41 

[0237] The procedures of Example 39 were repeated except that dried cyclohexane was used '"^tsad °f dried hex- 
ane. and bis(cyclopentadienyl)dichlorozirconium and dimethyianiiinium tetrakls{pentafluorophenyl)borate were i^ed 
Tn ^ amount of 0.03 mmol. respectively. As a result. 67 g of a copolymer were obtained. The polymenzation actn^lty 

[OM^ "rffobtained copolymer had a norbomene content of 7.2 mol%: and an Intrinsic viscosity of 1 .26 dl/g. 
Example 42 

[0239] The procedures of Example 1 6 were repeated except that trimethylaluminum. bis(cyclopentadienyl)didiloro- 
zirconium and dimethyianiiinium tetrakls(pentafluorophenyl)borate were used insead of t";sobutylalumm^^^^^ ^(cy- 
clopentadienyl)dimethylzirconium and f errocenlum tetrakis(pentafluorophenyl)borate. respectively. As a result. 33 g of 

a copolymer were obtained. The polymerization activity was 1 2 Kg/gZr. „, nn hi/o 

[0240] The obtained copolymer had a norbomene content of 1 0 mol%: and an intnnsic viscosity of 2.00 dl/g. 

Example 43 

[0241] The procedures of Example 42 were repeated except that triethylaluminum was used instead of trimethyla- 
luminum. As a result. 1 7 g of a copolymer were obtained. The polymerization activity ^^^^J^' 
[0242] The obtained copolymer had a norbomene content of 1 0 mol%: and an intnnsic viscosity of 1 .92 dl/g. 
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Example 44 

[0243] A 1 litter autoclave was charged with 400 ml of dried toluene, 0.4 mmol of triisobutylaluminum, and 0.003 
mmol of bis(cyclopentadienyl)dichlorozlrconium. After agitation, 0.006 mmol of methyldiphenylammoniumtetrakis(pen- 
5 tafluorophenyl)borate and 260 mmol of norbornene were added. Then, the polymerization was carried out at 90°C at 
an ethylene pressure of 6 Kg/cm^ for 0.5 hours, to obtain 57 g of a copolymer. The polymerization activity was 208 Kg/ 

gzr. 

[0244] The obtained copolymer had a norbomene content of 7.9 mol%; and an intrinsic viscosity of 1 .1 3 dl/g. 
10 Example 45 

[0245] The procedures of Example 42 were repeated except that methylaluminoxane was used instead of trimeth- 
ylaluminum. As a result, 53 g of a copolymer were obtained. The polymerization activity was 1 9 Kg/gZr. 
[0246] The obtained copolymer had a norbomene content of 8 mol%; and an intrinsic viscosity of 1 .83 dl/g. 

15 

Example 46 

[0247] A 1 litter autoclave was charged with 400 ml of dried toluene, 0.6 mmol of triisobutylaluminum. and 0.002 
mmol of bis(cyclopentadienyl)dihydridezirconium. After agitation, 0.004 mmol of dimethylanilinium tetrakis(pentafluor- 
20 ophenyl)borate and 200 mmol of norbornene were added. Then, the polymerization was carried out at 90^*0 at an 
ethylene pressure of 7 Kg/cm^ for 0.6 hours, to obtain 48 g of a copolymer. The polymerization activity was 263 Kg/gZr. 
[0248] The obtained copolymer had a noriDornene content of 4.7 mo!%; and an intrinsic viscosity of 1 .46 dl/g. 

Example 47 

25 

[0249] The procedures of Example 42 were repeated except that triisobutylaluminum was used instead of trimethy- 
laluminum, and bis(cyclopentadtenyl)dimethyltitaniumwas used instead of bis(cyclopentadienyl)dlchlorozirconium. As 
a result, 31 g of a copolymer were obtained. The polymerization activity was 22 Kg/gTi. 

[0250] The obtained copolymer had a norbornene content of 3.6 mol%; and an intrinsic viscosity of 1 .83 dl/g. 

30 

Example 48 

[0251] The procedures of Example 42 were repeated except that triisobutylaluminum was used instead of trimethy- 
laluminum, and 5-methyl norbomene was used instead of noriaornene. As a result, 38 g of a copolymer were obtained. 
35 The polymerization activity was 14 Kg/gZr. 

[0252] The obtained copolymer had a cyclic olefin content of 7 mol%: and an intrinsic viscosity, of 1 .97 di/g. 

Example 49 

40 [0253] The procedures of Example 48 were repeated except that 5-benzylnori3ornene was used instead of 5-meth- 
ylnorbomene. As a result, 13 g of a copolymer were obtained. The polymerization activity was 4.8 Kg/gZr. 
[0254] The obtained copolymer had a cyclic olefin content of 11 mol%; and an intrinsic viscosity of 2.15 di/g. 

Example 50 

45 

[0255] The procedures of Example 42 were repeated except that triisobutylaluminum was used instead of trimethy- 
laluminum, and propylene was used instead of ethylene. As a result, 17 g of a copolymer were obtained. The polym- 
erization activity was 6.2 Kg/gZr 

[0256] The obtained copolymer had a nortaornene content of 6.4 mol%; and an intrinsic viscosity of 0.62 dl/g. 

50 

Example 51 

[0257] A 1 litter autoclave was charged with 400 ml of dried toluene, 0.6 mmol of triisobutylaluminum, and 0.006 
mmol of bis(cyctopentadienyt)dichlorozirconium. After agitation, 0.006 mmol of dimethylanilinium tetrakis(pentafluor- 
55 ©phenyl) borate and 200 mmol of norbornene were added. Then, the polymerization was carried out at 70®C at an 
ethylene pressure of 9.5 Kg/cm^ for 0.5 hours, to obtain 53 g of a copolymer. The polymerization activity was 97 Kg/gZr. 
[0258] The obtained copolymer had a norbornene content of 5 mol%; and an intrinsk: viscosity of 1 .43 dl/g. 
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Example 52 

ro259l The orocedures of Example 51 were repeated except that dimethylanillnium tetral<is(pentafluorophenyl)borate 
ITuled^n a^'J^um" 0^12 mmol. As a r^sutt. 97 g of a copolymer were obtained. The potymenzation aCMty 

ro26ir ^obtained copolymer had a norbornene content of 5 mol%: and an Intrinsic viscosity of 1 .45 dl/g. 

Example 53 

[02611 The procedures of Example 51 were repeated except that triisobutylaluminum ^^^^^J^ 
mmol As a result. 78 g of a copolymer were obtained. The polymerization aotwity was 143 Kg/gZr. 
S The Obtained copolymer had a norbornene content of 4 mol%; and an .ntnns« v.scos.ty of 1 .67 dl/g. 

Example 54 

r02631 TheproceduresofExample39wererepeatedexceptthatdimethylaniliniumtetralds(pentafluorophenyO^^^ 
wi used in a'n arnount of 0.012 mmol, and the polymerization was carried out at wriTi^^aZr ^ 
for 10 minutes. As a result, 78 g of acopolymer were obtained. The PO'y'^"«t'»" ««'*"y ^'^J^f^J^^^ 
10264] The obtained copolymer had a nort,omene content of 3 mol%; and an mtnns« v«cos.ty of 1 .39 dl/g. 

Example 55 

[0265] The procedures of Example 54 wer« repeated except that the polymerization temperature was changed to 

130«C As a result. 12 g of a copolymer were obtained. The polymerization actwity was 22 Kg/gZr. 

[M66] The obtained copolymer had a nortiomene content of 4 mol%; and an intnns.c viscos.ty of 1 .65 dl/g. 

Example 56 

(1) Preparation of Catalyst Solution 

10267] A 2 litter glass vessel was charged with 500 ml of dried toluene, 1 0 mmol of t^'s^butylaluminua, a2 nmo\ 
K(cycUSenyl)dichlorozlrconiumand0.3mmolof dimethylanillnium tetral<is(penta^^ 

tain a catalyst solution. 

(2) Continuous Polymerization 

[0268] A 2 litter autoclave for continuous polymerization, was charged with 1 litter of dried toluene. 90 m' o< ^^e 
catalvst solution prepared in Step (1) above and 360 mmol of norbornene. The polymerization was camed out at 90 C 

atLnethS^pre^^^^^^^^ 

to trautoclLeTa rate ^ 1 litter/hour. 90 ml/hour and 360 mmolAiour. respectively while the polymer soluton was 
rn?nuo?s Jrken so as to keep the amount of the reaction mixture in the auto<«We J 
was also continuously supplied to the autoclave so as to keep the ethylene P^'*'^' P^^^"^«^*°^ '^^^^^^"Ja^^ 
po Jr^^Ltion temperature was kept at 90-C. As a result, a copolymer was obtained at a production rate of 158 g/ 
hours. The polymerization activity was 48 Kg/gZr. ..... ^, i ^ ni/n 

[0269] The obtained copolymer had a nortjomene content of 5 mol%: and an intnns« viscosity of 1 .64 dl/g. 

Example 57 

m270l A 500 ml flask was charged with 150 ml of dried toluene. 5 mmol of triisobutylaluminum. and 0^025 mmol of 
Es' (Sc.opem°adT;S^^^^^^ After agitation. 0.025 mmol of f-thylanlllnUjm te^^^^^ 

borate and 50 mmol of nort^omadiene were added. Then, the polymerization was camed ou^ at 25 C for 3 houre whne 
SLing ethylene at a rate of 30 1/hour. to obtain 0.35 g of a copo^mer. The P^^'^/'^'r^XzVdy^ 
lo2711 The obtained copolymer had a norbornene content of 45 mol%; and an intnnsic viscosity of 0.21 dl/g. 

Example 58 

ro272i The procedures of Example 50 were repeated except that ethylenebis(indenyl)dichlorozirconlum was used 
fSoIbi'cSenS^^^^^^ 
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activity was 8 Kg/gZr. 

[0273] The obtained copolymer had a norbornene content of 7 mol%; and an intrinsic viscosity of 0.76 d!/g. 

Example 59 

[0274] The procedures of Exannple 50 were repeated except that isopropyl(cyclopentadienyl)(9-fiuorenyl)dichloro- 
zirconium was used instead of bis(cyctopentadienyl)dichlorozirconium. As a result, 21 g of a copolymer were obtained. 
The polymerization activity was 8 Kg/gZr. 

[0275] The obtained copolymer had a norbornene content of 6.8 mol%; and an intrinsic viscosity of 0.54 dl/g. 

Example 60 

[0276] A 1 litter autoclave was charged with 400 ml of dried toluene, 0.6 mmol of triisobutylaluminum, and 0.003 
mmol of bis(cyclopentadienyl)dichlorozirconium. After agitation, 0.006 mmol of dimethylanilinium tetrakis(pentafluor- 
ophenyl) borate and 400 mmol of norbornene were added. Then, the polymerization was carried out at SO^'C at an 
ethylene pressure of 6 Kg/cm^ and a hydrogen pressure of 2 Kg/cm^ for 0.5 hours, to obtain 8 g of a copolymer. The 
polymerization activity was 29 Kg/g2r. 

[0277] The obtained copolymer had a norbornene content of 7 mol%; and an intrinsic viscosity of 0.06 dl/g. 
Example 61 

[0278] The procedures of Example 16 were repeated except that (cyclop entadienyl)trich I orozirconium was used 
instead of bis(cyclopentadienyl)dimethylzirconium. and dimethytanilinum tetakis(pentaf luorophenyl)borate was used 
instead of ferrocenlum tetrakis(pentafluorophenyl)borate. As a result, 66 g of a copolymer were obtained. The polym- 
erization activity was 24 Kg/gZr. 

[0279] The obtained copolymer had a norbornene content of 8 mol%; and an intrinsic viscosity of 2.34 dl/g. 
Example 62 

[0280] The procedures of Example 61 were repeated except that (pentamethylcyclopentadienyl)trichlorozirconium 
was used instead of (cyclopentadienyl)trichloro2irconium. As a result, 68 g of a copolymer were obtained. The polym- 
erization activity was 25 Kg/gZr. 

[0281] The obtained copolymer had a norbornene content of 6 mol%: and an intrinsic viscosity of 2.51 dl/g. 
Example 63 

[0282] The procedures of Example 61 were repeated except that (pentamethylcyciopentadlenyl)trlmethytzirconium 
was used instead of (cyciopentadienyl)trichlorozirconium. As a result, 71 g of a copolymer were obtained. The polym- 
erization activity was 26 Kg/gZr. 

[0283] The obtained copolymer had a norbornene content of 7 mol%; and an intrinsic viscosity of 2.47 dl/g. 
Example 64 

[0284] The procedures of Example 61 were repeated except that (pentamethylcyclopentadienyl)trimethoxyozirconi- 
um was used Instead of (cyclopentadienyi)trichlorozirconium. As a result, 65 g of a copolymer were obtained. The 
polymerization activity was 24 Kg/gZr. 

[0265] The obtained copolymer had a norbornene content of 6.5 mol%; and an intrinsic viscosity of 2.68 dl/g. 

Example 65 

[0286] The procedures of Example 46 were repeated except that 0.002 mmol of tetrabenzylzirconium was used 
Instead of bis{cyclopentadienyl)dihydridezirconium. As a result, 62.7 g of a copolymer were obtained. The polymeri- 
zation activity was 344 Kg/gZr. 

[0287] The obtained copolymer had a norbornene content of 6.5 mol%; and an intrinsic viscosity of 1 .76 dl/g. 

Example 66 

[0288] The procedures of Example 65 were repeated except that 0.002 mmol of tetrabutoxyzirconium was used 
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instead of tetrabenzylzirconium. As a result. 37.1 g of a copolymer were obtained. The polymerization activity was 203 
[oS The obtained copolymer had a norbomene content of 5.5 mol%: and an intrinsic viscosity of 1 .89 dl/g. 
Example 67 

102901 The procedures of Example 65 were repeated except that 0.002 mmol of tetrachlorozirconlum was used 
instead of tetrabenzylzirconium. As a result, 69.1 g of a copolymer were obtained. The polymerization activity was 379 

p»9^ The obtained copolymer had a norbomene content of 5.5 mol%; and an Intrinsic viscosity of 1 .71 dl/g. 
Example 68 

[02921 The procedures of Example 51 were repeated except that bls(cyclopentadienyl)dimethylzirconium was used 
nstead of bls(cyclopentadi6nyl)dichlorozirconium. and tris(pentafluorophenyl)boron was used instead of dimethylanili- 
num tetakis(pentafluorophenyi)borate. As a result. 12 g of a copolymer were obtained. The polymerization activity was 

[029^^The obtained copolymer had a nortjomene content of 8 mol%; and an Intrinsic viscosity of 1 .64 dl/g. 
Example 69 

r02941 A 1 000 ml glass autoclave was charged with 500 ml of dried toluene, 1 0 mmol of triisobutylaluminum. 0 25 
mmol of bis(cyclopentadlenyl)dichlorozirconlum and 0.25 mmol of dimethylanilinum ^^(pentafiuoroph^ 
rante. After agitation. 1 mol of norbomadiene was added. Then, the polymerization was earned out at 20 C for 4 hours, 
to obtain 2.76 g of a copolymer. The polymerization activity was 0.1 2 Kg/gZr. . ^ ^. „,.„»,„x 

[02951 The obtained copolymer had a molecular weight (Mw) of 1 ,700 and a molecular weight distribution (Mw/Mn) 

of 2.B3. 

Comparative Example 6 

[02961 A 1 litter autoclave, under nitrogen atmosphere was charged with 400 ml of toluene, 8 mmol of ethylaluml- 
numsesquichloride mC^HsiysC^.js). 0.8 mmol of VO(OC2H5)Cl2 and 130 mmol of nortjomene. The 
was heated to 40«C andthe reaction was carried out for 60 minutes while continuously introducing ethylene so as to 
keep the ethylene partial pressure to 3 Kg/cm2. As a result, the yeild was 6.1 6 g. The polymerization activrty was 0.15 

p)297|' The obtained copolymer had a norbomene content of 12 mol%; and an intrinsic viscosity of 1 .20 dl/g. 
Exanwple 70 

[02981 The procedures of Example 34 were repeated except that the ethylene pressure was changed to 4 Kg/em2, 
and the polymerization temperature was changed to 70»C. As a result. 17 g of a copolymer were obtained. The po- 
lymerization activity was 6.2 Kg/gZr. .... . ^ 41ATrUlr, 

[0299] The obtained copolymer had a norbomene content of 57 mol%; and an intnnsic viscosity of 1 .47 dl/g. 

Example 71 

(1) Preparation of Triethylammonium Tetrakie(pentafluorophenyl)borate: 

[03001 Triethylammonium tetrakis(pentafluorophenyl)borate was prepared in the same manner as In Example 1 . 

(2) Preparation of Catalyst: 

[03011 One mllimol of (cyclopentadlenyljtrimethyltltanium was reacted with 1 mmol of triethylammonium tetrakis(pen- 
tafluoophenyllborate in 50 ml of toluene at room temperaturefor4hours. After the solventwas removed, the o^^^^ 

solid product was washed with 20 ml of petroleum ether, dried and dissolved in 60 ml of toluene to obtain a catalyst 

solution. 
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(3) Polymerization: 

[0302] A 1 00 ml flask was charged with 25 mmol of norbomadiene, 0.05 mmol of the catalyst (as transition metal 
component), and 25 ml of toluene. Then, the reaction was carried out at 20**C for 4 hours. The reaction product was 
5 placed into methanol and the precipitated white solid product was recovered by filtration. Then, the obtained product 
was washed with methanol and dried. The yield was 0.41 g. 

[0303] The obtained product had a polymerization activity of 170 g/gTi, and a molecular weight of 40,900. It was 
found that the obtained product was soluble to conventional solvents such as toluene, chloroform and tetrahydrofuran. 
[0304] It was also found by infrared spectrophotometry that the obtained product showed strong absorption at 
10 800cm-'' which is derived from the following structural unit (A). It was also found by ^H-NMR that the obtained product 
showed absorption derived from a cartJon-cartDon double bond at 6.2 ppm, and did not show absorption derived from 
a carbon-carbon double bond contained in a polymer main chain at 5.3 ppm. Accordingly, it was confirmed that the 
obtained product had the following structural units: 

IS 

(A) (B) 



20 




25 

Example 72 

[0305] In a 100 ml flask, 25 mmol of norbomadiene. 0.005 mmol of (cyclopentadienyl)tribenzyltitanium, and 0.005 
mmol of triethylammonium tetrakis(pentafluorophenyl)borate were reacted in 50 ml of toluene at 20*C for 4 hours. 
30 Thereafter, the reaction mixture was placed into 100 ml of methanol and the precipitated white solid product was 
recovered by filtration. Then, the obtained product was washed with 50 ml of methanol, and dried under reduced 
pressure to obtain 0.27 g of white powders. The polymerization activity was 1.1 Kg/gTl. 
[0306] The obtained product had a molecular weight (Mw) of 42,000. 

35 Example 73 

[0307] In a 100 ml flask. 25 mmol of norbomadiene. 0.005 mmol of (cyclopentadienyl)trlmethyltitanium. 0.005 mmol 
of triethylammonium tetrakis(pentafluorophenyl)borate and 0.1 mmol of trilsobutylaluminum, were reacted in 50 ml of 
toluene. After agitation at 20'C for 4 hours, the reaction mixture was placed Into 100 ml of methanol. A white solid 
40 product was precipitated, recovered by filtration, and then dried to obtain 0.92 g of a solid product. The polymerization 

activity was 3.81 Kg/gTl. 

[0308] The obtained product had a molecular weight (Mw) of 61 ,000, 
Example 74 

45 

[0309] In a 100 ml flask, 25 mmol of norbomadiene, 0.005 mmol of (pentamethylcyclopentadienyl)trimethyltitanium, 
0.005 mmol of triethylammonium tetrakis(pentafluorophenyl)borate and 0.1 mmol of triisobutylaluminum, were reacted 
in 50 ml of toluene. After agitation at 20*C for 4 hours, the reaction mixture was placed into 100 ml of methanol. A. 
white solid product was precipitated, recovered by filtration, and then dried to obtain 0.45 g of a solid product. 
50 [0310] The polymerization activity of 1 .9 Kg/gTi. 

Comparative Example 7 

[0311] In a 100 ml flask, 25 mmol of norbomadiene, 0.005 mmol of (cyclopentadienyl)trimethyltitanium and 0.005 
55 mmol of aluminoxane were reacted in 60 ml of toluene at 20**C for 4 hours, but a polymer was not obtained. 
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Example 75 

(1) Preparation of Triethylammonium Tetrakis(pentafluorophenyl)borate: 

[03121 In the same manner as in Example 1 . 12.8 mol of triethylammonium tetrakis(pentafluorophenyl)borate was 
prepared, and dissolved In 1280 ml of toluene to obtain a catalyst solution. 

(2) Preparation of Dimethylsllylenebis(cyclopentadienyl) dichlorozirconium: 

[03131 Dicyclopentadienyldimethylsilane (1 .73 g; 9.1 9 mmol) was dissolved in 50 ml of dehydrated tetrahydrofuran. 
To the obtained solution, 12.0 ml (18.6 mmol) of a butyllithium/hexane solution (1.55 mol/l) was added dropwise at 
-75»C over a period of 1 hour. After agitation for 30 minutes, the reaction mixture was heated to 0°C. To the obtained 
reaction mixture, 50 ml of dehydrated tetrahydrofuran containing 2.1 4 g (9. 1 8 mmol) of zirconium tetrachloride dissolved 
therein was added dropwise over a period of 1 hour. Then, the reaction mixture was stirred at room temperature over 
night After the reaction mixture was heated to 50«C for 2 hours, the solvent was removed to obtain a solid product^ 
The obtained solid product was washed with a small amount of cooled pentane. Further, the solid product was subjected 
to a methylene chloride extraction and recrystallization by concentration to obtain 2.20 g (6.31 mmol) of dlmethylsl- 
lylenebis cyclopentadlenyl)dichlorozirconium (Reference: Inorg., Chem.. Vol. 24, Page 2539 (1985)). 
[03141 The obtained product was suspended in 631 ml of toluene to obtain a catalyst solution. 



(3) Copolymerization of Norbornene and Ethylene: 

[03151 A 500 ml glass autoclave purged with nitrogen, was charged with 200 ml of toluene and 1 .0 mmol of triisobuty- 
laluminum. Further. 10 micromol of dimethylsilylenebis(cyclopentadienyl)dichlorozirconium obtained in Step (2) above 
and 1 0 micromol of triethylammonium tetrakis(pentafluorophenyl)borate obtained in Step (1 ) above were added to the 
reaction mixture. Then. 22 mmol of norbornene was added. After the reaction mixture was heated to 50'*C, the polym- 
erization was carried out at nomial pressure for 1 hour while introducing ethylene gas at a rate of 40 1/hr. The polym- 
erization was proceeded in a uniform solution state. After completion of the reaction, the reaction solution was placed 
into 1 litter of HCI acidic methanol to precipitate a polymer. After, the catalyst components were removed by decom- 
position the product was washed and dried to obtain 1 .47 g of a copolymer. The polymerization activity was 1 .6 Kg/gZr. 
[03161 ' The obtained copolymer had a norbornene content of 68 mol%; an intrinsic viscosity of 0.3 dl/g; a glass 
transition temperature (Tg) of 182'>C; and a softening point (TMA) of 175-C. A sheet made of the copolymer had an 
all light transmlttance of 94.0% and haze of 3.2%. 



Example 76 

[031 71 The procedures of Example 75 were repeated except that the amount of norbornene used was changed to 
44 mmol in Step (3). As a result, 1 .64 g of a copolymer were obtained. The polymerization activity was 1 .8 Kg/gZr. 
[03181 The obtained copolymer had a norbornene content of 74 mol%: an Intrinsic viscosity of 0.49 dl/g; a glass 
transition temperature CTg) of 1 99«C; and a softening point (TMA) of 190-C. A sheet made of the copolymer had an 
all light transmittance of 94.5% and haze of 3.0%. 



Example 77 

[03191 The procedures of Example 75 were repeated except that the amount of norbornene used was changed to 
33 mmol in Step (3). As a result, 2.44 g of a copolymer were obtained. The polymerization activity was 2.7 Kg/gZr 
[03201 The obtained copolymer had a noriaornene content of 72 mol%: an intrinsic viscosity of 0.50 dl/g; a glass 
transition temperature (Tg) of 1 93X; a softening point fTM A) of 1 B5'C; a tensile strength of 260 Kg/cm2; an elongation 
of 1%; and a tensile modulus of 29,000 Kg/cm^. A sheet made of the copolymer had an all light transmittance of 93% 
and haze of 3%. 



Example 78 



[0321] The procedures of Example 75 were repeated except that 1 0 micromol of bis(cyclopentadienyl)dichlorozirco- 
nium was used instead of dimethylsilylenebis(cyclopentadienyl)dichlorozirconlum in Step (3). As a result, 1.86 g of a 
copolymer were obtained. The polymerization activity was 2.0 Kg/gZr. 

[03221 The obtained copolymer had a nortaomene content of 4 mol%: and an intrinsic viscosity of 0.76 dl/g. The glass 
transition temperature (Tg) could not be measured at room temperature or higher. 
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Example 79 

(1) Preparation of Dimethylsilylenebis(indenyl)-dichlorozirconium: 

[0323] The procedures of Step (2) of Example 75 were repeated to prepare 0.61 g (1 .36 mmol) of dimethylsilylenebis 
(indenyl)dichlorozirconium, except that 2.65 g (9.2 mmol) of diindenyldimethylsiiane was used Instead of dicyclopen- 
tadienyldlmethylsilane (Reference: Angew. Chem. Int. Ed. Engl.. Vol. 28, Page 1511 (1989)). 
[0324] The obtained product was suspened in 1 36 ml of toluene to prepare a catalyst solution. 

(2) Copolymerizatlon of Norbornene/Ethylene: 

[0325] The procedures of Step (3) of Example 75 were repeated except that 10 micromol of dimethylsilylenebis 
(indenyl) dichlorozirconium was used instead of dimethylsilylenebis(cyclopentadienyl)dlchlorozirconium, and the 
amount of norbornene used was changed to 66 mmol. As a result, 3.38 g of a copolymer were obtained. The polym- 
erization activity was 3.7 Kg/gZr. 

[0326] The obtained copolymer had a norbornene content of 67 mol%; an intrinsic viscosity of 1 .4 dl/g; a glass 
transition temperature (Tg) of 176'C; and a softening point (TMA) of 168*C. A sheet made of the copolymer had an 
all light transmittance of 94.0% and haze of 3.1%. 

Example 80 . . 

[0327] The procedures of Step (2) of Example 79 were repeated except that the amount of norbornene used was 
changed to 100 mmol. As a result, 2.88 g of a copolymer were obtained. The polymerization activity was 3.2 Kg/gZr 
[0328] The obtained copolymer had a norbornene content of 72 mol%; an intrinsic viscosity of 1.2 dl/g; a glass 
transition temperature (Tg) of 205**C; and a softening point (TMA) of 195**C. 

Comparative Example 8 

[0329] The procedures of Step (3) of Example 75 were repeated except that 1 .0 ml (1 .0 mmol) of a toluene solution 
(1 mol/l) containing ethylaluminumsesquichloride (AI(C2H5)^ gCI^ 5) was used instead of trilsobutylaluminum; 0.25 ml 
(0.25 mmol) of a toluene solution (1 mol/l) containing VO(OC2H5)Cl2 was used instead of dimethylsilylenebls(cyclopen- 
tadienyl)dichlorozirconium; triethylammoniumtetrakis(pentafluorophenyl)borate was not used; and the amount of nor- 
bornene used was changed to 1 00 mmol. As a result, 1 .38 g of a copolymer were obtained. The polymerization activity 
was 0.11 Kg/gZr. 

[0330] The obtained copolymer had a norbomene content of 48 mol%; an intrinsic viscosity of 1 .2 dl/g; a glass 
transition temperature (Tg) of 104'C; and a softening temperature (TMA) of 98**C. 

Example 81 

(1) Synthesis of Catalyst Component (B): 

[0331] The procedures of Example 15 were repeated to-prepare fenrocenlum tetrakis(pentafluorophenyl)borate. 

(2) Polymerization: 

[0332] A 30 litter autoclave was charged with 8 litter of dried toluene, 12 ml of tiiisobutylaluminum, 0.6 mmol of 
ferrocenium tetrakis(pentafluorophenyl)borate as obtained in Step (1), 0.6 mmol of bis(cyclopentadienyl)dimethylzlr- 
conium and 4 mol of norbornene. The polymerization was can-ied out at 50**C, at an ethylene pressure of 5 Kg/cm2.G 
for 1 hour. After completion of the reaction, the polymer solution was placed in 15 litter of methanol to precipitae a 
polymer. The polymer was recovered by filtaration to obtain 2.4 Kg of a copolymer. The polymerization conditions are 
as shown in Table 1 . The polymerization activity was 44 Kg/gZr. 

[0333] The obtained copolymer had a nortDomene content of 6 mol%; an intrinsic viscosity of 2.10 dl/g; and a crys- 
talline degree of 16%. 

[0334] It was found that the polymer obtained had a random structure since it had low crystallization degree and 
good transparency. 
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(3) Molding of Sheet: 



[0335] The copolymer obtained in Step (2) above was subjected to T-die molding using 2° «'<'^"'^«; J^^"^ « J'P 
gap o 0.5 mm at a screw roation rate of 30 rpm at a lip temperature of 205-C, to prepare a ^^^^t^havrng a »ss 
5 of 0.2 mm. The results of measurment of optical properties, and physical properties such as modulus, an elastic re- 
covery property are as shown in Table 2. 

Examples 82 to 86 

»o [0336] The similar procedures of Example 81 were repeated to prepare s«^^^^''^°P°S''"^'«.*il*';?f 7^"°*^^"* 
content and 0.2 mm thick sheets therefrom. The polymerization conditions are as shown in Table 1 . The results of 
evaluation of the sheets obtained in physical properties are as shown in Table 2. 

[0337] It was found that these copolymer obtained had a random stnicture since it had low crystallization degree 
and good transparency. 

Example 87 

[03381 Under the conditions as shown in Table 1 , an ethylene/nort>omene copolymer having an intrinsic viscosHy of 
169dl/gandanorbomenecontentof23.7mol%wassynthesized.The0.2mmthicksheetobtainedfn>mthecopo^^^^^ 
was evaluated in an elastic recovery property. As a result, the sheet was torn before 150% elongation and the elast» 
^^veS pX^Jy could not be measured. The results of the physical property testing of the sheet obtained are as 
shown in Table 2. 

Comparative Example 9 

r03391 A 0 2 mm thick sheet was prepared from conventional high density polyethylene (IDEMITSU 640UF: Manu- 
Sedby»^^^ 

ical property measurement of the sheet obtained are as shown in Table 2. 
30 Comparative Example 10 

[0340] A 0.2 mm thtek sheet was prepared from a conventional ethylene/alpha-olefin copolymer (MOATEC 01 M 
Manufactured by Idemitsu Petrochemical). The sheet obtained showed an elastic recovenr of -1 5%. The results of the 
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physical property measurement of the sheet obtained are as shown in Table 2. 
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Example B8 

(1) Preparation of Dimethylanilinium Tetrakis(pentafluorophenyl)borate: 

5 [0341] Pentafluorophenyllithium prepared from 1 52 mmol of bromopentaf luorobenzene and 1 52 mmol of butyHlthium 
was reacted with 45 mmol of boron trichloride in hexane, to obtain tri(pentafluorophenyl)boron as a white solid product. 
[0342] The obtained tris{pentafluorophenyl)boron (41 mmol) was reacted with an ether solution of pentafluorophe- 
nyllithium (41 mmol) in hexane. to Isolate lithium tetrakis(pentafluorophenyl)borate as a white solid product. 
[0343] Thereafter, lithium tetrakis(pentafluorophenyl)borate (1 6 mmol) was reacted with dimethylaniline hydrochlo- 

10 ride (1 6 mmol) in water, to obtain 11 .4 mmol of dimethylanilinium tetrakis(pentafluorophenyl)borate as a white solid 
product. 

[0344] It was confirmed by ^H-NMR and 13C-NMR that the reaction product was the target product. 

(2) Copotymerizatlon of Norbornene/Ethylene 

15 

[0345] In a 1 litter autoclave, under nitrogen atmosphere at room temperature, 400 ml of toluene, 0.6 mmol of tri- 
Isobutylaluminum (TIBA), 3 micromol of bis(cyclopentadlenyl)dichlorozirconium, and 4 micromol of dimethylanilinium 
tetrakis (pentaf luorophenyl)borate obtained in Step (1 ) above were chared in this oreder. Then, 400 mmol of norbornene 
was added. After the reaction mixture was heated to 90*C, the polymerization was earned out for 90 minutes while 
20 introducing ethylene gas so as to keep the ethylene partial pressue to 7 Kg/cm^. 

[0346] After completion of the reaction, the polymer solution was placed into 1 litter of methanol to precipitate a 
polymer. The polymer was recovered by filtration, and dried. 

[0347] The catalyst components, polymerization conditions and yield of the copolymer in this Example are as shown 
in Table 3. Further, the norbornene content, intrinsic viscosity, crystallization degree, glass transition temperature (Tg). 
25 weight average molecular weight (Mw), number average molecular weight (Mn), molecular weight distrubution (Mw/ 
Mn) and melting point (Tm) of the copolymer obtained, are as shown in Table 4. 

[0348] In the copolymer obtained in Example 88. a broad melt peak was sheen at 75'C. The DSC chart is as shown 
in Fig. 2. 

30 (3) Molding of Sheet: 

[0349] The copolymer obtained in Step (2) above was subjected to heat press molding at 190*0 and at a pressure 
of 1 00 Kg/cm2, to obtain a 0.1 mm thick sheet. 

[0350] The tesile modulus, tensile breaking strength, tensile breaking elongation, elastic recovery, all light transmit- 
as tance and haze were measured, and are as shown in Table 4. 

Comparatvie Example 11 

(1) Copotymerizatlon of Norbornene and Ethylene: 

40 

[0351] A 1 litter autoclave, under nitrogen atmosphere, was charged with 400 ml of toluene, 8 mmol of ethylalumi- 
numsesquichlorode (AKCgHs)^ sCi^ g), 0.8 mmol of VO(OC2H5)Cl2 and 130 mmol of norbornene. After the reaction 
mixture was heated to 40*C. the polymerization was carried outfor 1 80 minutes while continuously introducing ethylene 
so as to keep the ethylene partial pressue to 3 Kg/cm^. 
45 [0352] After completion of the reaction, the polymer solution was placed into 1 litter of methanol to precipitate a 
polymer The polymer was recovered by filtration, and dried. 

(2) Molding of Sheet: 

50 [0353] The procedures of Step (3) of Example 88 were repeated using the copolymer obtained in Step (1) above. 
The results are as shown in Table 4. In the DSC measurement of the copolymer obtained in Comparative Example 11 , 
a sharp melt peak was recognized at 100*»C. The DSC chart is as shown in Fig. 3. 

Example 89 

55 

(1) Copolymerizatlon of Ethylene and Norbornene: 

[0354] The procedures of Step (2) of Example 88 were repeated except that ferrocenium tetrakis(pentaf luorophenyl) 
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boratewasusedinsteadofdimethylaniliniumtetrakls(pentafluorophenyl)borate,andm 
as indicated in Table 3. 

(2) Modling of Sheet: 

[0355] The procedures of Step (3) of Example 88 were repeated using the copolymer obtained in Step (1) above. 
The resusts are as shown in Table 4. 

Examples 90 to 94 

(1) Preparation of Catalyst and (2) Copolymerization of Ethylene and Norbomene: 

[0356] The procedures of Example 88 were repeated except that catalyst components and polymerization conditions 
were changes indicated i^ 
15 in Example 91 . 

(2) Modling of Sheet: 

[0357] The procedures of Step (3) of Example 88 were repeated using the copolymers obtained in Step (2) above. 
20 The resusts are as shown in Table 4. 
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Example 95 

(1) Preparation of Ferrocenium Tetrakis(pentafluorophenyl)borate: 

s [0358] Ferrocenium tetrakis(pentafluorophenyl)borate was prepared in the same manner as in Example 15. 

(2) Copolymerlzation of Norbornene and Ethylene: 

[0359] In a 30 litter autoclave, in a nitrogen atmosphere at room temperature, 15 litter of toluene, 23 mmol of tri- 
10 isobutylaluminum (T1BA)« 0.1 1 mmoi of bis(cyclopentadlenyl)dichlorozirconium, and 0.15 mmol of ferrocenium tetrakis 

(pentafluorophenyl)borate obtained in Step (1) above, were chared In this oreder. Then, 2.25 litters of a 70 wt.% toluene 

solution containing 15.0 mol of norbornene was added to the reaction mixture. After the reaction mixture was heated 

to 90''C, the polymerization was carried out for 110 minutes while continuously introducing ethylene so as to keep the 

ethylene partial pressue to 7 Kg/cm^. 
IS [0360] After completion of the reaction, the polymer solution was placed into 15 litters of methanol to precipitate a 

polymer. The polymer was recovered by filtration, and dried, to obtain a cyclic olefin based copolymer (al). 

[0361] The yield of the cyclic olefin based copolymer (a1 ) was 3.48 Kg. The polymerization activity was 347 Kg/gZr. 

[0362] The obtained cyclic olefin based copolymer (al) had a norbornene content of 9.2 mol%; an intrinsic viscosity 

of 0.99 dl/g; a crystallization degree of 1.0%; a glass transition temperature (Tg) of 3^C; a weight average molecular 
20 weight (Mw) of 54,200; a number average molecular weight (Mn) of 28,500; a molecular weight distribution of 1 .91 ; 

and a melting point of 73''C (broad peak). 

Example 96 

^5 [0363] To 1 00 parts by weight of a pulverized product of the cyclic olefin copolymer (al) obtained in Example 95, 1 .05 
parts by weight of diatomaceous earth as anti-blocking agent, 0.25 parts by weight of elucic acid amide as lubricant, 
10.7 parts by weight of L-LDPE as atpha-olefin based polymer (0438N: Manufactured by idemitsu Petrochemical; Ml=4 
g/IOmln.; D=0.920 g/cm^), were added and mixed. The mixture was supplied to a 50 mm 0uniaxial extruder. The 
mixture was extruded by a circular die with a diameter of 1 00 mm and a gap of 3 mm at 1 60**C, and then subjected to 

30 inflation molding to obtain a film having a thickness of 20 micrometers and a width of a folded portion of 340 mm. The 
extruding rate was 7 Kg/hr and the pulling rate was 6.0 m/min. The moldablllty was excellent. 
[0364] The physical properties such as tensile properties and elastte recovery property, and optical propeiteis of the 
film obtained were measured, and are as shown in Table 5. 

[0365] In addition, the measurement methods were completely the same through the following Examples. 

35 

Example 97 

[0366] "The~procedures of Example 95 were repeated except that in Step (2) of Example 95, the amount of bis(cy- 
clopentadlenyl)dk:hlorozirconium used was changed to 0.075 mmol and the amount of norbornene used was changed 
40 to 7.5 mol, to obtain a cyclk: olefin copolymer (a2). 

[0367] The yield of the cyclic olefin copolymer (a2) was 2.93 Kg. The polymerization activity was 428 Kg/gZr. 
[0368] The obtained cyclic olefin copolymer (a2) had a norisomene content of 4.9 mol%; an intrinsic viscosity of 1 .22 
dl/g; a glass transition temperature (Tg) of -7**C; a weight average molecular weight (Mw) of 72,400; a number average 
molecular weight (Mn) of 36,400; a molecular weight distribution of 1 .99; and a melting point (Tm) of 84**C (broad peak). 

45 

Examples 98 to 1 04 

[0369] The procedures of Example 96 were repeated except that the kind of components and the amount of the 
components used were changed as indicated in Table 5. The results of the physical property measurement are also 
so as shown in Table 5. 

Example 105 

[0370] The copolymer obtained In Step (2) of Example 95 were subjected to heat pressing at 1 90*C at a pressue of 
55 too Kg/cm2, to obtain a sheet having a thickness of 0.1 mm. The results of the physical property measurement were 
as shown in Table 5. 
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Example 106 

[0371] To 1 00 parts by weight of a pulverized product of the cyclic olefin copolymer (al) obtained in Example 95, 0.2 
parts by weight of diatomaceous earth as anti-blocking agent, and 0.05 parts by weight of elucic acid amide as lubricant, 
5 were added and mixed. The mixture was supplied to a 50 mm 0uniaxial extruder. The mixture was extruded by a 
circular die with a diameter of 100 mm and a gap of 3 mm at 160**C, and then subjected to Inflation molding to obtain 
a wrapping film having a thickness of 15 micrometers and a width of a folded portion of 450 mm. The extruding rate 
was 7 Kg/hr and the pulling rate was 12 m/min. The moldability was excellent. 

[0372] The physical properties such as tensile properties, elastic recovery property and gas pemieabitity, and optical 
10 properteis of the film obtained were measured, and are as shown in Table 6 or 7. 

Examples 107 to 110 and Comparative Examples 12 to14 

[0373] The procedures of Example 1 06 were repeated except that the kind of components and the amount of the 
IS components used were changed as indicated in Table 6. The results of the physcal property measurement are as 
shown in Table 6 or 7. 
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Table 7 





Oxygen Permeability (ml/ 
m2.24h-atm) 


Nitrogen Pemneability (ml/ 
m2-24hatm) 


Moisture Permeability (g/ 
m^*24h'atm) 


Example 106 


8600 


1700 


28 


Example 107 


3200 


650 


14 


Example 108 


8700 


1600 


29 


Example 1 09 


8600 


1500 


30 


Example 110 


3400 


800 


13 


Comp. Ex. 12 


1700 


460 


68 


Comp. Ex. 14 


13200 


3300 


26 



Example 111 



[0374] The procedures of Example 95 were repeated except that in Step (2) of Example 95, the amount of bis(cy- 
clopentadienyl)dichloro2irconium used was changed to 0,064 mmol; the amount of ferrocenium tetrakis(pentafluor- 
ophenyl) borate used was changed to 0.11 mmol; the amount of norbornene used was changed to 7.5 mol; the polym- 
erization temperature was changed to 70*0; and the ethylene partial pressure was changed to 9 Kg/cm^, to obtain a 
cyclic olefin copolymer (a3). 

[0375] The yield of the cyclic olefin copolymer (aS) was 2.36 Kg. The polymerization activity was 404 Kg/gZr. 
[0376] The obtained cyclic olefin copolymer (a3) had a norbornene content of 4.5 mot%; an Intrinsic viscosity of 3.07 
dV g; a glass transition temperature (Tg) of -8*^0; a weight average molecular weight (Mw) of 213,000; a number 
average molecular weight (Mn) of 114,000; a molecular weight distribution of 1 .87; and a melting point (Tm) of 81*^0 
(broad peak). 

Comparative Example 15 

[0377] The procedures of Example 95 were repeated except that in Step (2) of Example 95, 300 mmol of ethylalu- 
minumsesqlilchloride was used instead of triisobutylalumlnum; 30 mmol of VO(OC2H5)Cl2 was used instead of bis 
(cyclopentadienyl)dlchlorozirconlum; ferrocenium tetrakis(pentafluorophenyl)borante was not used; the amount of nor- 
bornene used was changed to 3 mol; the polymerization temperature was changed to 30*C; the ethylene partial pres- 
sure was changed to 1 Kg/cm^; and the polymerization time was changed to 30 minutes, to obtain a cyclic olefin 
copolymer (a4). 

[0378] The yield of the cyclic olefin copolymer (a4) was 480 g. 

[0379] The obtained cyclic olefin copolymer (a4) had a norbornene content of 24.6 mol%; an Intrinsic viscosity of 
1 .21 dl/ g; a glass transition temperature (Tg) of 50*^0; a molecular weight distribution of 4.26: and a melting point (Tm) 
of 100**C (sharp peak). 

Examples 112 to 116 and Comparative Examples 16 and 17 

[0380] As indicated In Table 8, pellets prepared from the cyclic olefin copolymers (al) to (a4) obtained in Examples 
95, 97 and 111 and Comparative Example 15, or resin compositions containing the copolymer (al), (a2), (a3) or (a4) 
and a thermoplastic resin, were subjected to injection molding using an injection molding equipment (IS25EP: Manu- 
factured by Toshiba) at a setting temperature of 150*C, at a mold temperature of 30*C, an injection pressure (first/ 
second) of 80/40 Kg/cm^, to obtain a molded article (70 mm x 70 mm x 2 mm). 

[0381] The physical properties such as tensile properties and molding shrinkage factor, and optical properties of the 
molded articles obtained, were measured, and are as shown in Table 8. 



43 



EP 0 504 418 B2 





Haze 




in 




in 






O 

o> 


U5 


5 


S 

S 




M 


00 


o 




cn 




to 








C4 

cn 


a> 




o 

Ci 


01 
00 


00 
CM 


CO 
QO 


10 


M 

1 ^ 






GO 


tn 


tn 
in 


OJ 
tn 


CM 

to 


0) 
0) 




») 
w 

1 ~ 


*• 


o 


O 
N 
CS 


in 
cn 

CM 


o 

<D 
CM 


o 

03 
CM 


in 
o> 


O 

o 
in 

CM 


15 




? 

1 1 


eo 


o 


00 
O) 

o 


in 

CM 


00 
IT 


00 
CM 




20 


m W3 


ll 


in 

CO 

o 


o 


o 


o> 
o 


CM 
CO 




in 
o 


25 


J 

u — * 

111 


ll 


ta 
z 


z 


CD 
2 


flO 

z 


z 


0 
Z 


o 




"SMS 


*■ 

ers — ' 


00 
2 


OS 
2 


ffi 

Z 


CO 

z 


cn 
z 


m 
2 


cs 


30 


.1 ^ 

1! 




o 


O 

tn 


o 
m 


o 
ro 
ir 


o 

Q 


o 
r- 

00 


<o 


35 




u 


o 

Oi 


o 
t- 


o 
vr 
<o 


o 
»n 


O 


o 
o 
m 
en 


o 
o 
o 
in 

CM 




b ^ is 
- » S 

V) S ee 

g 


1 


o 
<o 
o 


o 


o 


O 
00 


o 

i ^ 

n 


o 
cn 


o 

00 

in 


40 


ll 


1 


1 


1 


1 


o 

i 


o 


1 


1 


45 


a. 


1 


1 


1 


i 

* o 


ex. 


k 


1 


50 


.S .5 ^ 

^ 5 i 


1 


a 


n 


cn 

fO 






1 


(0 


to 




a. 

s 

K 


a 

at 
Ul 


1 

UJ 


a 


t0 

3 

1 




1 



55 



44 



EP 0 504 418 B2 



Example 117 

[0382] A 500 ml glass vessel was charged with 30 ml of dried toluene, 5 mmol of trilsobutylaluminum, 25 micromoles 
of nickel bis(acetylacetonate), 25 micromoles of dimethylanilinium tetrakis(pentafluorophenyl)borate and 500 mmol of 
5 norbornene. The polymerization was can-led out at 50*C for 1 hour, to obtain 9.58 g of a polymer. The polymerization 
activity was 6.53 Kg/gNi. 

[0383] The obtained copolymer had a weight average molecular weight (Mw) of 1 ,21 0,000 and a molecular weight 
distribution of 2.37. 

10 Reference Example 1 

[0384] The procedures of Example 13 were repeated except that 2.0 mmol of methylaluminoxane was employed 
Istead of trilsobutylaluminum, and triethylammonium tetrakis(pentafluorophenyl)borate was not used, to obtain 0.96 g 
of a copolymer. The polymerization activity was 1 .05 Kg/gZr. 
15 [0385] The obtained copolymer had a norbornene content of 11 .5 mol%; and an intrinsic viscosity of 2.32 dl/g. 

Reference Example 2 

[0386] The procedures of Example 27 were repeated except that 3.0 mmol of methylaluminoxane was employed 
20 instead of trilsobutylaluminum, and ferrocenium tetrakis(pentafluorophenyl)borate was not erhployed, to obtain 1 0.4 g 
of a copolymer. The polymerization activity was 7.6 Kg/gZr. 

[0387] The obtained copolymer had a norbornene content of 8,5 mol%; and an intrinsic viscosity of 2.1 9 dl/g. 
Example 118 

25 

[0388] The procedures of Example 1 6 were repeated except that 0.03 mmol of dimethylanilinium tetrakis(pentafluor- 
ophenyl)borate was employed instead of ferrocenium tetrakis(pentafluorophenyl)borate, to obtain 26.4 g of a copoly- 
mer. The polymerization activity was 10 Kg/gZr. 

[0389] The obtained copolymer had a norbornene content of 7.0 mol%; and an Intrinsic viscosity of 3.94 dl/g. The 
30 DSC measurement (temperature decrease) was made. The results are as shown in Fig. 5. 

Comparative Example 1 8 

[0390] The procedures of Comparative Example 11 were repeated except that the ethylene pressure was changed 
35 to 7 Kg/cm2, to obtain 35.9 g of a copolymer. The polymerization activity was 0.88 Kg/gZr. 

[0391] The obtained copolymer had a norbornene content of 6.8 mol%; and an intrinsic viscosity of 3.28 dl/g. The 
DSC measurement (heat down stage) was made. The results are as shown in Fig. 6. 

Example 119 

40 

[0392] The procedures of Example 46 were repeated except that 0.002 mmol of (35-dimethylphenoxy)trichlorozlr- 
conlum was used instead of bis(cyclopentadienyl)dihydridezirconium, to obtain 53.7 g of a copolymer. The polymeri- 
zation activity was 295 Kg/gZr. 

[0393] The obtained copolymer had a norbornene content of 4.9 mol%; and an intrinsic viscosity of 1 .88 dl/g. 

45 

[Industrial Applicability] 

[0394] As described above, according to the process of the present invention , a cyclic homopolymer or a cyclic olefin/ 
alpha-olefin copolymer can be effectively produced without opening the rings of the cyclic olefin and without using a 

so great amount of organometalic compounds. 

[0395] The cyclic olefin copolymers (I) of the present invention are superior in heat resistance, transparency, strength 
and hardness, and thus can be effectively used in an optical, medical and food field or the like. 
[0396] The cyclic olefin copolymers (II) of the present invention have a good elongation recovery property, good 
transparency, suitable elasity and well-balanced physical properties, and thsu can be effectively used as materials for 

55 films, sheets and other various molded articles in a packaging, medical and agricultural field or the like. 

[0397] Furthemriore, the cyclic olefin copolymer coniposltlons of the present Invention can be employed In various 
applications such as a sealant film, pallet stretch film, wrapping film for Industry use, films for agricultrual use, wrapping 
films for meat, shrink films, coating materials, damping materials, pipes, packages for transfusion liquids and toys 
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because of their superiority In transparency, an elongation recovery property, adhesiveness, stabbing strength, tear 
strength, weatherabillty. low temperature heat sealabillty, heat seal strength, a shape memory property, a dielectric 
property and the like. In particular, in the case of molding the cyclic olefin copolymer composition into films or sheets, 
the obtained films and sheets will tend not to generate blocking and will have a good elongation recovery property, 
5 transparency and adhesiveness. Thus, the sheets and films can be effectively employed in various fields such as 
packaging, medical and agricultural fields. 

Claims 

10 

1 . A process for producing a cyclic olefin based polymer wherein homopolymerization of a cyclic olefin or copolym- 
erization of a cyclic olefin and an alpha-olefin is can-ied out In the presence of a catalyst comprising as main 
components the following compounds (A) and (B): 

15 (A) a transition metal compound; and 

(8) a compound capable of fonming an ionic complex when reacted with said transition metal compound , said 
compound (B) not Including aluminoxanes. 

2. A process for producing a cyclic olefin based polymer in which homopolymerization of a cyclic olefin or copolym- 
20 erization of a cyclic olefin and an alpha-olefin is candied out in the presence of a catalyst comprising as main 

components the following compounds (A), (B) and (C): 

(A) a transition metal compound; 

(B) a compound capable of forming an ionic complex when reacted with said transition metal compound, said 
25 compound (B) not including aluminoxanes; and 

(C) an organoalumtnum compound. 

3. A process according to Claim 1 or 2, wherein Compound (A) is a transition metal compound comprising a transition 
metal selected from the IVB or VIII Group of the Periodic Table. 

30 

4. A process according to Claim 3, wherein Compound (A) Is a cyclopentadienyl transition metal compound compris- 
ing a transition metal selected from the IVB Group of the Periodic Table. 

5. A process according to Claim 3, wherein Compound (A) is a transition metal compound represented by the following 
35 formula: 

40 wherein is a transition metal selected from the IVB Group of the Periodic Table; R""; R^, r3 and R* may be the 

same as or different from each other, and are independently a ligand having a sigma bond, chelate llgand or Lewis 
base. 

6. A process according to any one of Claims 1 to 5, wherein Compound (B) is a compound comprising a cation and 
45 an anion wherein a plurality of functional groups are connected to an element. 

7. A process according to Claim 6, wherein Compound (B) is composed of a cation comprising an element selected 
from the groups of IIIB, IVB, VB, VIB, VIIB, VIM, lA, IB, IIA, IIBand VIIAof the Periodic Table; and an anion wherein 
a plurality of functional groups are connected to an element selected from the groups of VB, VIB, VIIB, VIII, IB, 

so MB, IDA, IVA and VA of the Periodic Table. 



Revendlcations 

55 1. Precede pour produire un polymfere h base d'ol§fine cyclique, dans lequel I'homopolymerisation d'une ol6fine 
cyclique ou la copolymerisation d'une define cyclique et d'une a-oldflne se d^roule en presence d*un catalyseur 
comprenant, comme composants principaux, les compos6s (A) et (B) suivants : 
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(A) un compost de m6tat.de transition ; et 

(B) un compost capable de former un complexe ionique quand il r^agit avec (edit compose de m6tal de tran- 
sition, le compost (6) ne pas engldbant d'aluminoxanes. 

5 2. Proc6d6 pour produire un poiymere k base d'ol6flne cyclique, dans iequel i'homopoiym6risation d'une ol6fine 
cyclique ou la copolym^risation d'une ol^fine cyclique et d'une a-ol6fine se deroule en presence d'un catalyseur 
comprenant, comme composants principaux, les composes (A), (B) et (C) suivants : 

(A) un compost de m6tal de transition ; 
10 (B) un compost capable de former un complexe ionique quand it r^agit avec ledit compost de m6tal de tran- 

sition, le compost (B) ne pas englobant d'aluminoxanes; e 

(C) un compost organique de ratuminium. 

3. Precede selon la revendication 1 ou 2, dans lequet le compose (A) est un compost de m§tal de transition com- 
is prenant un metal de transition choisi parmi tes Groupes IVB et VIII du Tableau Periodique. 

4. Precede selon la revendication 3. dans iequet le compose (A) est un compost de metal de transition cyclopenta- 
dienylique comprenant un m^tal de transition choisi dans te Groupe IVB du Tableau Periodique. 

20 5. Proc6d6 selon la revendication 3, dans Iequel le compost (A) est un compost de m^tal de transition represents 
par la formula survante : 



25 

dans laquelie est un metal de transition clioisi dans le Groupe iVB du Tableau Periodique ; R*!, R^, R^ et R^ 
peuventetre identiques ou diffdrents entre eux et represented independamment un ligand ayant une liaison sigma, 
un ligand chelate ou une base de Lewis. 

30 6. Procede selon Tune quelconque des revendicatlons 1^5, dans Iequel le compose (B) est un compose comprenant 
un cation et un anion dans Iequel une pluralite de groupes fonctionnels sont connectes a un element. 

7. Procede selon la revendication 6, dans Iequel ie compose (B) est compose d'un cation comprenant un element 
choisi parmi les Groupes IIIB, IVB, VB, VIB, VIIB, Viii, lA, IB, HA, IIB et VIIA du Tableau Periodique ; et un anion 
35 dans Iequel une pluralite de groupes fonctionnels sont connectes k un element choisi panrii les Groupes VB, VIB, 

VIIB. VIII. IB. IIB, lltA. IVA et VA du Tableau Periodique. 

PatentansprCkche 

40 

1. Verfahren zur Hersteliung eines auf cyclischen Olefinen basierenden Polymers, worin die Homopolymerisation 
eines cyclischen Olefins Oder die Copolymerisation eines cyclischen Olefins und eines alpha-Olefins in Gegenwart 
eines Kataiysators durchgefuhrt wird, wobei der Katalysator als Hauptbestandteile die folgenden Verbindungen 
(A) und (B) umfaBt: 

45 . 

(A) eine Ubergangsmetallverbindung; und 

(B) eine Verbindung. welche bei Real<tion mtt der Obergangsmetallverbindung einen ionischen Komplex bilden 
kann, wobei die Verbindung (B) keine Aluminoxane umfaBt. 

so 2. Verfahren zur Hersteliung eines auf cyclischen Olefinen basierenden Polymers, worin die Homopolymerisation 
eines cyclischen Olefins oder die Copolymerisation eines cyclischen Olefins und eines alpha-Olefins in Gegenwart 
eines Kataiysators durchgefuhrt wird, wobei der Katalysator als Hauptbestandteile die folgenden Verbindungen 
(A), (B) und (C) umfaBt: 

55 (A) eine Ubergangsmetallverbindung; 

(B) eine Verbindung, wek:he bei Reaktion mit der Obergangsmetallverbindung einen ionischen Komplex bilden 
kann, wobei die Verbindung (B) keine Aluminoxane umfaBt; und 

(C) eine Organoaluminiumverbindung. 
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Verfahren nach einem der Anspruche 1 oder 2, worin die Verbindung (A) eine Ubergangsmetallverbindung. um- 
fassend ein Ubergangsmetall der Gruppen IVB oder VIII des Periodensystems der Element, ist. 

Verfahren nach Anspruch 3. worin die Verbindung (A) eineCyclopentadienyl-Ubergangsmetallverbindung, umfas- 
send ein Ubergangsmetall der Gruppe IVB des Periodensystems der Elemente, ist. 

Verfahren nach Anspruch 3, worin die Verbindung (A) die durch die folgende Fennel dargestellte Obergangsme- 
tallverbindung Ist: 

wobei M1 ein Ubergangsmetall der Gmppe IVB des Periodensystems der Elemente ist; R1,R2,r3 und R^ glelch 
Oder voneinander verschieden sein kdnnen und unabhangig voneinander ein Ligand mit einer Sigma-Bindung, 
ein Chelat-Ligand oder eine Lewis-Base sind. 

Verfahren nach einem der Anspruche 1 bis 5. worin die Verbindung (B) eine Verbindung ist, umf assend ein Kation 
und ein Anion, worin eine Vielzahl funl^tioneller Gruppen mIt einem Element verbunden ist 

Verfahren nach Anspruch 6, worin die Verfeindung (B) aus einem Kation, umfassend ein Element der Gruppen 
lltB IVB VB, VIB, VIIB. VIII. lA. IB. IIA, IIB und VIIA des Periodensystems der Elemente, und aus emem Anion 
besteht. worin eine Vielzahl f unlclioneller Gruppen mit einem Element, ausgewahit aus den Gruppen VB, VIB. VIIB. 
VIII, IB. MB, MIA, IVA und VA des Periodensystems der Elemente, verbunden ist. 
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